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COMMENTS ON PROPOSED TEST RULE
FOR HAZARDOUS AIR POLLUTANTS

L. INTRODUCTION

The HAP Task Force appreciates this opportunity to provide comments in response to
the proposal by the Environmental Protection Agency (EPA) to require inhalation testing for
21 (now 20) hazardous air pollutants (HAPs) under Section 4 of the Toxic Substances Control
Act (TSCA).! The proposed test rule would require testing for a number of endpoints,
including acute toxicity, immunotoxicity, neurotoxicity, carcinogenicity, and developmental
and reproductive toxicity. The HAP Task Force is a consortium of manufacturers of ethylene
dichloride (EDC), vinylidene chloride (VDC), and 1,1,2-trichloroethane, three of the HAPs
that are the subject of the proposed test rule.

The HAP Task Force appreciates the efforts that EPA has made to provide for
alternative testing proposals focusing on use of existing oral data and pharmacokinetic (PK)
modeling in lieu of conducting new studies by inhalation. The HAP Task Force submitted
such proposals for alternative testing for EDC and 1,1,2-trichloroethane, and has replied
separately to EPA's responses to these proposals. The Task Force has made clear that those
submissions and its ongoing discussions with EPA staff concerning possible enforceable
consent agreements (ECAs) are without prejudice to its position, elaborated in these
comments, that the proposed test requirements for EDC, VDC, and 1,1,2-trichloroethane are
unauthorized by statute and unwise as a matter of policy. They would impose a significant
expense on the producers of these chemicals while yielding negligible public health benefits.
Members of the HAP Task Force also belong to the Chemical Manufacturers Association
(CMA), and the HAP Task Force supports and incorporates by reference the generic
comments submitted by CMA on the proposed test rule.

! 617Fred. Rég. 33178 V(June 26, 1996), subsequently Vextre;nded;ti 61 Fed.r Reg. 67516 62 ééd. Reg.r 79&42,
62 Fed. Reg. 14850, 62 Fed. Reg. 29318, 62 Fed. Reg. 37833, 62 Fed. Reg. 50546, 62 Fed. Reg. 63299,

amended and extended at 62 Fed. Reg. 67467, and further extended at 63 Fed. Reg. 5915 and 63 Fed. Reg.
19694.
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II. THE BASIS FOR THE TEST RULE IS SUSPECT

A. The Statutory Findings for EDC, VDC, and
1.1.2-Trichloroethane Cannot Be Supported

Section 4 of TSCA authorizes EPA to require testing for HAPs if it finds that the
following conditions are met: (A) that the manufacture, distribution in commerce, processing,
use, or disposal of a chemical substance or mixture, or any combination of such activities, may
present an unreasonable risk of injury to health or the environment; or (B) that a chemical
substance or mixture is or will be produced in substantial quantities and (i) it enters or may
reasonably be expected to enter the environment in substantial quantities, or (ii) there is or
may be significant or substantial human exposure to such substance or mixture.> To support
either finding, EPA must show that there are insufficient data and experience upon which the
effects of the manufacture, distribution in commerce, processing, use, or disposal of such
substance or mixture or of any combination of such activities on health or the environment can
reasonably be predicted.® EPA purports to justify the proposed test rule for EDC, VDC, and
1,1,2-trichloroethane under both Section 4(a)(1)(A) (the "A" finding) and Section 4(a)(1)(B)
(the "B" finding). As discussed below, the "A" findings are inadequate for EDC, VDC, and
1,1,2-trichloroethane. As to the "B" findings, there are serious questions as to EPA's use of
strictly numerical criteria. Even assuming that these criteria may be used, however, it is
apparent that exposure to 1,1,2-trichloroethane and VDC do not meet the standard for

requiring testing under Section 4(a)(1)(B).

1. "A" Findi
Section 4(a)(1)(A) requires EPA to determine that manufacture, distribution,
processing, use, or disposal of the substance may present an unreasonable risk of injury to
health. This determination cannot be made in the abstract; rather, it requires an analysis of
human exposure to the substance and the potential for injury at such exposure levels. The

D.C. Circuit has held that EPA must "correlate the suspected toxicity of a substance with the

: 15 U.S.C. § 2603(a).
} Id.



suspected levels of exposure," and that a test rule is warranted only "when there is a
more-than-theoretical basis for suspecting that some amount of exposure occurs and that the
substance is sufficiently toxic at that exposure level to present an 'unreasonable risk of injury
to health.""

For EDC, VDC, and 1,1,2-trichloroethane, EPA has completely failed to show a
relationship between expected exposure scenarios and the health effects endpoints for which it
would require testing. In the case of 1,1,2-trichloroethane, for example, EPA must show not
that the substance may pose a risk of reproductive, developmental, or other effects for which it
proposes testing at some imagined human exposure, but at the levels approaching the limits of
detection at which actual human exposure occurs.

Another flaw in EPA's approach is its failure adequately to identify why it thinks these
HAPs may pose the risks identified.” By far the most significant defect in the "A" findings,
however, is EPA's effort to transform a single finding of an "unreasonable risk of injury to
health" (i.e., carcinogenicity) into carte blanche authority to require any testing necessary to
address unanswered questions about the effects of the chemical substance. The Task Force
submits that Congress did not intend for Section 4 of TSCA to authorize EPA to impose
regulatory requirements costing vast amounts of money to investigate unrelated health effects
of a substance just because it may pose a carcinogenic risk. Again using the example of
1,1,2-trichloroethane, it is inexplicable that EPA would propose to require developmental and
reproductive toxicity testing on the basis of an "A" finding based on oncogenicity, and liver,

kidney, and neurotoxicity.

2. L "
For all 20 HAPs, the proposed test rule is also based on Section 4(a)(1)(B) --
production in substantial quantities and substantial human exposure.® It is clear, however, that
human exposure to 1,1,2-trichloroethane and VDC are not "substantial" for purposes of TSCA

under the guidelines set by EPA itself.

4 CMAf v EPiA",”859 Fid 977; 7995 (D.C. Cir. 1988) (ehlphasis adderdr)r.r
5 See TSCA Section 4(a) Statutory Findings, 61 Fed. Reg. at 33190-93.
¢ 61 Fed. Reg. at 33193.
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On May 14, 1993, EPA published a statement of policy, known as "the B Policy,"
articulating the standards and criteria for implementing its authority to require testing under
the substantial production, release, and exposure provisions of TSCA.” The Agency set forth
as general benchmarks for "substantial exposure" for purposes of the statute exposure of
100,000 members of the public, 10,000 consumers, or 1,000 workers.® In the case of
1,1,2-trichloroethane and VDC, these threshold figures are not met.

In the preamble to the proposed rule and its supporting documents, EPA presents no
data, not even estimates, regarding exposure of the general population to
1,1,2-trichloroethane. Instead, the primary basis for finding substantial exposure to
1,1,2-trichloroethane is EPA's assertion that 1,036 workers were exposed to it. This figure is
based solely on an estimate from the National Occupational Exposure Survey (NOES)
conducted by the National Institute of Occupational Safety and Health (NIOSH) from 1981 to
1983.° This fifteen-year old database was of dubious accuracy at the time it was conducted,
and certainly should not be considered a reliable indicator of current workplace exposure.

The NOES survey sample has been criticized for including only one percent of the
500,000 establishments listed in the Dun and Bradstreet market identifier file as of 1980."° In
addition, NIOSH sampled large facilities more often than smaller ones, and the smaller ones
that it did sample were generally not representative of typical facilities. The results of such an
incomplete sampling are subject to question, and the value of the data compiled is limited.

Yet another flaw in the NOES survey was its failure to obtain qualitative information,
such as the manner in which employees were exposed to the chemicals, the duration and
concentration levels of exposure, or whether protective measures reduced exposure levels.
Instead of detailing these circumstances, the NOES survey simply designates exposures as

"part-time" or "full-time." One can only wonder whether EPA would be accepting of a

7 58 Fed. Reg. 28736 (May 14, 1993).
8 58 Fed. Reg. at 28742.

s Environmental Protection Agency, TSCA Section 4 Findings For 21 Hazardous Air Pollutants: A

Supporting Document for Proposed Hazardous Air Pollutants Test Rule (June 25, 1996) ("Section 4 Findings"), p.
75. The details of the 1981-1983 NOES survey appear in the docket in a NIOSH computer printout dated March
29, 1989.

10 Deems A. Buell ez al., "An Assessment of the National Occupational Exposure Survey."
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manufacturer-sponsored survey that failed to include large segments of the relevant population,
and lacked qualitative data. In making a factual finding to justify testing requirements, EPA
should subject itself and its data to the same scrutiny that the industry must meet.

The fifteen-year-old NOES approximation of workplace exposure, regardless of the
questions as to its accuracy in 1983, does not reflect the number of workers exposed to
1,1,2-trichloroethane at this time. Due to workforce reductions in the chemical and processing
industries, the number is now far lower. The HAP Task Force conducted a survey and
determined that across all the firms that manufacture and process 1,1,2-trichloroethane, no
more than 476 workers are even potentially exposed to 1,1,2-trichloroethane." Of these, at
least 83, while potentially exposed, are not actually exposed to 1,1,2-trichloroethane at
detectable levels, and an additional 36 workers are included only because it is possible that
they might be exposed to 1,1,2-trichloroethane byproduct on an irregular basis as a result of
EDC production processes.

Similarly, in the case of VDC, the only numbers for exposure that EPA could produce
in its "B" finding were based on the 1981-1983 NOES survey, which estimated that 2,675
workers were exposed to VDC. As noted above, the accuracy and methodology of the NOES
survey was subject to significant criticism at the time it was conducted, and in any event is
now fifteen years old, and does not reflect the current state of the industry. At the present
time, the only U.S. manufacturers of VDC are The Dow Chemical Company and PPG
Industries. These two manufacturers have done a survey of their own operations and those of
their customers who use VDC, and estimate that the total number of workers potentially
exposed is 710, well below the 1,000-worker threshold.'? Even among these workers, the
potential for exposure is small, because VDC is used in closed systems in the production of
other products. For those specific tasks where direct VDC exposure is possible, employees
utilize respirators or other breathing apparatus devices.

Aside from the fifteen-year old NOES numbers, EPA provides no other estimates of

human exposure to VDC, except to note that "the general population may be exposed from

i Table A, attached.
12 Table B, attached.



emissions from facilities involving the manufacturing, use, and processing of VDC. "3 The
HAP exposure profile for VDC prepared in 1995 indicates, however, that its ambient air
levels are extremely low.'* A review of 325 samples in urban and suburban areas of the
United States found that median, 75th percentile, and maximum concentrations of VDC were
0.0050, 0.0075, and 0.14 ppb respectively. In two rural areas, concentrations were less than
0.005 ppb and 0.065 ppb. Of approximately 300 breath samples taken in Elizabeth and
Bayonne, New Jersey, only twelve percent contained quantifiable levels of VDC at 0.2-2
pg/m3. Even in "source dominated areas," the median and maximum concentrations were 3.6
and 6.7 ppb respectively. In two cities where VDC was manufactured -- Freeport, Texas and
Lake Charles, LA -- the mean concentrations were 0.13 ppb and 6.7 ppb respectively. These
low levels of ambient air concentration belie EPA's bald assertion of substantial exposure
among the general population.

In light of these hard data, EPA's justifications for imposing testing requirements for
1,1,2-trichloroethane and VDC do not withstand scrutiny. The HAP Task Force recognizes
that EPA has discretion to find substantial exposure in situations where the quantitative
numerical thresholds of the B Policy are not met, if additional factors exist. There is no
indication, however, that EPA based its decision on any additional factors. The only
explanation provided in the background documents for the proposed test rule is the perfunctory
invocation of the 1981-1983 NOES estimates of worker exposure and the vague possibility of
exposure among the general population. If these are shown to be erroneous -- as they have
been by the more recent survey data submitted by the HAP Task Force -- EPA is without

authority to impose the testing requirements for 1,1,2-trichloroethane and VDC.

3. Both Findings

To support either an "A" or a "B" finding, EPA must show that there are "insufficient
data and experience” to determine or predict the effects of a chemical on human health and the

environment. The HAP test rule is predicated on the assertion that the data to be required are

” Section 4 Findings, p. 83.
i Syracuse Research Corporation, Environmental Science Center, Exposure Profiles for HAPs - Group 1,

(August 1995), p. 4.
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necessary for EPA to conduct residual risk analyses. EPA has not described how it will
conduct residual risk analyses, even though Section 112(f)(1) of the Clean Air Act requires it
to do so by November 1996. In any event, Section 112(f)(2) of the Act requires EPA, within
eight years of adopting technology-based standards, to adopt additional standards protecting
public health with an ample margin of safety if those technology-based standards have not
reduced excess cancer risk to the individual most exposed to known or suspected carcinogenic
emissions from a source to a level of less than 1 in a million (1 x 10°).

Existing data for EDC, VDC, and 1,1,2-trichloroethane have been judged adequate by
EPA to develop unit risk estimates of carcinogenic potency. As discussed below, it is
extremely unlikely that any other health effect would cause the residual risk determined by
EPA from sources of these HAPs to be higher than the estimated carcinogenic risk, and
therefore result in more stringent emissions standards than those that will be based on potential
carcinogenicity. A general statement by EPA as to why it considers portions of the
toxicological data base for these compounds inadequate cannot justify this test rule unless the

inadequacy will in some way be relevant to the residual risk determination.

B. EPA Has Not Realistically Assessed Emissions
Patterns and Actual Risks to Human Health

In developing the proposed test rule, EPA has not factored the likelihood of human
exposure into its considerations. This is a fundamental error, particularly in light of the
Agency's statement that the primary purpose of the test rule is to develop data for residual risk
determinations under the Clean Air Act. EPA appears to have made no attempt to determine
general population exposures from industrial releases, or to gauge the impact that the ongoing
implementation of maximum achievable control technology (MACT) standards under Section
112 of the Clean Air Act will have on those releases. The potential for exposure as a result of
industrial releases varies greatly among the HAPs, but EPA pays it scant attention. For those
HAPs produced primarily as byproducts (i.e., 1,1,2-trichloroethane), used as feedstock (i.e.,
EDC, VDC), or both, emissions will be very low even though production may be high. Low

emissions mean that ambient air concentrations are low and exposure is minimal.
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Because EPA fails to consider emissions patterns and exposure levels, its finding that
existing data are insufficient to enable it to determine whether the HAPs present an
unreasonable risk to health or the environment is flawed. The proposed test rule would
require testing where it is not warranted by the exposure data, and would mandate submission
of information that in all likelihood will be completely irrelevant to any residual risk
determination. If the emissions patterns and exposure levels for EDC, VDC, and
1,1,2-trichloroethane are taken into account, the existing data, combined with exposure

models, are clearly sufficient for EPA’s purposes.

1. 1.1.2-Trichloroethane

a. The Low Exposure Profile of 1,1,2-Trichloroethane
Enables EPA To Base I ) Existing [

Exposure to 1,1,2-trichloroethane is very low. It is produced almost entirely as a
byproduct in the production of EDC or as a captive intermediate in the production of VDC.
Only one manufacturer markets 1,1,2-trichloroethane, and it sells less than 3 million pounds to
fewer than 10 customers. The Agency for Toxic Substances and Disease Registry (ATSDR)
examined ambient air concentrations of 1,1,2-trichloroethane and concluded that "[w]here
1,1,2-trichloroethane is found, levels appear to be about 10-50 ppt [parts per trillion].""” This
low environmental exposure is consistent with available information on the product's use.
ATSDR found that "[n]o use with significant consumer and general population exposures has
been identified.""®

The minimal exposure profile of 1,1,2-trichloroethane and the existing information as
to its health effects indicate that EPA can -- instead of imposing nearly $4 million in test
requirements on industry -- conduct a screening analysis and determine that the risk to health
and the environment is minute based on the existing data. In fact, EPA has performed such
risk assessments for 1,1,2-trichloroethane in the past. For example, the Agency's Integrated

Risk Information System (IRIS) provides a unit risk estimate (or cancer potency) for

' Agency for Toxic Substances and Disease Registry, Toxicological Profile for 1,1,2-Trichloroethane
(1989), p. 63 (Appendix, Tab 1).

16 Id., p. 61,

/2.



1,1,2-trichloroethane of 1.6 x 10°. In drinking water, the maximum contaminant level goal
(MCLG) 1s 3 ug/l, which according to EPA corresponds to a theoretical cancer risk of 1 x
107, and the maximum contaminant level (the enforceable limit) is 5 ug/l, the same as for
organic contaminants which have an MCLG of zero. The data supporting these
determinations, when combined with what is known about the exposure profile for
1,1,2-trichloroethane, provide sufficient information for EPA to conduct a screening analysis
and make residual risk determinations. Expensive testing for other endpoints is unnecessary.
A specific illustration of this point is provided by an evaluation of air concentrations of
1,1,2-trichloroethane at the fenceline of one of the fewer than 20 U.S. facilities where EDC is
produced, specifically, the Dow Chemical Company facility in Lake Jackson, Texas. Actual
monitoring data immediately outside the facility showed that out of 306 samples, 97% were
non-detects for 1,1,2-trichloroethane at 0.55 ug/m’. Only three values exceeded the detection
limit. Put another way, only three samples exceeded an upper bound potential cancer risk of 9
x 10 (using the EPA unit risk estimate of 1.6 x 10?). In light of the negligible risk of cancer
using a nonthreshold model, it seems inconceivable that significant reproductive or
developmental toxicity or other health effects would result from current or future anticipated

exposure scenarios for 1,1,2-trichloroethane.

b. Sufficient Information Is Available on the Endpoints
r whi ing W i

The proposed test rule would require the following tests for inhalation exposure to
1,1,2-trichloroethane: acute toxicity, subchronic toxicity, developmental toxicity, reproductive
toxicity, neurotoxicity, carcinogenicity, in vivo cytogenicity, and immunotoxicity. The
estimated cost for these tests totals approximately $3.8 million. A review of the data currently
available on 1,1,2-trichloroethane reveals that much of this testing is unnecessary. Oral
studies have already been performed in four of the eight areas of testing listed by EPA --
subchronic toxicity, neurotoxicity, carcinogenicity and immunotoxicity. These can serve as
the basis for route-to-route extrapolation, a much more cost-effective means of determining the

safety of inhalation exposure. Of the remaining four areas in which EPA has proposed testing,
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only limited inhalation studies (if any) will be necessary to evaluate acute toxicity, and
developmental and reproductive studies and in vivo cytogenicity studies should not be
necessary at all. Accordingly, EPA's needs can be satisfied by the existing data, supplemented

with some limited modeling as necessary.

i. Acute Toxicity

While EPA could not identify sufficient inhalation or oral studies to assess acute
toxicity, little additional information is necessary due to the physical and chemical properties
of 1,1,2-trichloroethane. EPA has classified 1,1,2-trichloroethane as a Category 3 inhaled
chemical -- water soluble/perfusion limited. Consequently, effects on the lung (portal of
entry) are unlikely. This is borne out by studies showing little or no damage to the lungs
following inhalation exposure to 1,1,2-trichloroethane, and that 1,1,2-trichloroethane does not
accumulate in the lungs following inhalation exposure, but rather distributes rapidly to other
tissues.'” The only justification for collecting acute toxicity data (including for the lung) for
1,1,2-trichloroethane would be to support the development and validation of PBPK models to

be used for other endpoints.

ii. Subchronic Toxicity
Available oral data, summarized below and in the attached Table 1, provide adequate

information for a complete assessment as to the subchronic effects of 1,1,2-trichloroethane:

White et al. (1985) (Appendix, Tab 2) - Groups of 32-48 male and
32-48 female CD-1 mice were exposed to doses of 0, 4.4, 46, or 305
mg/kg-day (males), or 0, 3.9, 44, or 384 (females) 1,1,2-trichloroethane in the
drinking water for 90 days. Drinking water consumption and body weight
gain were reduced in concentration-dependent manner in male mice, but not in
female mice. Absolute liver and kidney weights were decreased in male mice
receiving 46 or 305 mg/kg-day; however, this was not observed when organ
weights were expressed relative to body weight. Liver weights were
significantly increased (absolutely and relatively) in female mice exposed to
the highest dose. Absolute spleen and kidney weights were also elevated in
this group. Hematological changes in male mice did not appear to be

i Bonnet, et al., Determination of the Median Lethal Concentration of Principal Chlorinated Aliphatic

Hydrocarbons in the Rat, Arch. Mal. Prof. Med. Trav. Secur. Soc. 41:317-321 (1980) (French); Takahara, K.,
Experimental Studies on Toxicity of Trichloroethane: Part 1, Organ Distribution of 1,1,1- and
1,1,2-Trichloroethanes in Exposed Mice, Okayama Igakkai Zasshi 98:1079-1090 (1986) (Japanese).
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significant. However, hemoglobin and hematocrit values were significantly
decreased in female mice exposed to the highest dose. Fibrinogen was
increased in all exposed females, however this was not in a dose-dependent
manner. Prothrombin time was significantly decreased in a dose-dependent
manner in female mice exposed to 44 or 384 mg/kg-day. In male mice, serum
cholesterol and serum alkaline phosphatase activity was significantly increased
at the highest dose. In female mice, serum cholesterol and SGPT activity was
significantly increased at the highest dose. Liver glutathione was significantly
decreased in a dose-dependent manner in males exposed to the two highest
doses, but was increased in females exposed to the highest dose. The
dose-response information from female mice were used to base a LOAEL and
NOAEL since they present a more consistent pattern of toxicity. This study
identifies a LOAEL of 384 and a NOAEL of 44 mg/kg-day for increased liver
weight, serum cholesterol, and SGPT activity, and decreased (10%)
hemoglobin and hematocrit in female mice.

NCI (1978) (Appendix, Tab 3) - Groups of 50 male and 50 female rats
(Osborne-Mendel) were exposed to each of two dose levels via corn oil
gavage, 5 days/week for 78 weeks. Two control groups (vehicle and
untreated) of 20 animals/sex were also included in the study. Initial doses of
0, 30, and 70 mg/kg-day were raised to 0, 50, and 100 mg/kg-day after week
8 since animals seemed to tolerate exposure. Time-weighted average doses of
0, 46, and 92 mg/kg-day were calculated by the study authors. There was no
appreciable difference in mortality or body weight gain from controls.
However, high mortality was noted in the vehicle control group. During the
first 6 months, the incidence of clinical signs (i.e., appearance and behavior
changes) were comparable between exposed and control animals. However,
after 6 months, exposed animals exhibited a higher frequency of hunched
appearance, rough fur, urine stains, wheezing, dyspnea, and squinted eye
(sometimes with reddish exudate). Histopathological examinations revealed no
significant differences between exposed and control animals for noncancer
effects in any tissue site (including the respiratory tract). This study identifies
a NOAEL of 92 mg/kg/day for histopathological changes.

NCI (1978) (Appendix, Tab 3) - Groups of 50 male and 50 female mice
(B6C3F1) were exposed to each of two dose levels via corn oil gavage, 5
days/week for 78 weeks. Two control groups (vehicle and untreated) of 20
animals/sex were also included in the study. Initial doses of 0, 150, and 300
mg/kg-day were raised to 0, 200, and 400 mg/kg-day after week 20 since the
animals seemed to tolerate exposure. Time-weighted average doses of 0, 195,
and 390 mg/kg-day were calculated by the study authors. Mortality was
significantly increased in exposed female mice, although this may not have
been dose-related (mortality was greater in the low dose group compared to
the high dose group). In any event, the number of animals surviving the entire

- 11 -



exposure exceeded the requirement of the OPPTS guideline for number of
animals/dose group (10/sex/group). For male, there was no appreciable
difference in mortality from controls. Body weight gain was not affected in
either sex. Clinical signs (i.e., appearance and behavior changes) were
observed at comparable rates in exposed and control groups.
Histopathological examinations revealed no significant differences between
exposed and control animals for noncancer effects in any tissue site (including
the respiratory tract). This study identifies a NOAEL of 390 mg/kg-day for
noncancer histopathological effects in all tissues examined.

iii. Neurotoxicity
Oral data, summarized below and in the attached Table 2, provide a sufficient basis for

EPA to assess the neurotoxicity of 1,1,2-trichloroethane:

White et al. (1985) (Appendix, Tab 2) - Seven groups of male and
female CD-1 mice were administered a single dose of 200 to 600 mg/kg
1,1,2-trichloroethane via gavage. Sedation and loss of righting reflex were
noted in mice soon after receiving a single gavage dose of 450 mg/kg
1,1,2-trichloroethane or more. These animals recovered four hours after
exposure. No gross changes to the central nervous system were noted upon
necropsy. This study identifies an acute LOAEL of 450 mg/kg for the
anesthetic effects of 1,1,2-trichloroethane.

NCI (1978) (Appendix, Tab 3) - Groups of 50 male and 50 female rats
(Osborne-Mendel) were exposed to each of two dose levels via corn oil
gavage, 5 days/week for 78 weeks. Two control groups (vehicle and
untreated) of 20 animals/sex were also included in the study. Initial doses of
0, 30, and 70 mg/kg-day were raised to 0, 50, and 100 mg/kg-day after week
8 since animals seemed to tolerate exposure. Time-weighted average doses of
0, 46, and 92 mg/kg-day were calculated by the study authors. During the
first 6 months, the incidence of clinical signs (i.e., appearance and behavior
changes) was comparable between exposed and control animals. However,
after 6 months, exposed animals exhibited a higher frequency of hunched
appearance, rough fur, urine stains, dyspnea, and squinted eye (sometimes
with reddish exudate). Histopathological examinations revealed no significant
differences between exposed and control animals for noncancer effects in the
brain or nerves. This study identifies a NOAEL of 92 mg/kg-day for
histopathological effects on the central nervous system.

NCI (1978) (Appendix, Tab 3) - Groups of 50 male and 50 female mice

(B6C3F1) were exposed to each of two dose levels via corn oil gavage, 5
days/week for 78 weeks. Two control groups (vehicle and untreated) of 20
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animals/sex were also included in the study. Initial doses of 0, 150, and 300
mg/kg-day were raised to 0, 200, and 400 mg/kg-day after week 20 since the
animals seemed to tolerate exposure. Time-weighted average doses of 0, 195,
and 390 mg/kg-day were calculated by the study authors. Clinical signs (i.e.,
appearance and behavior changes) were observed at comparable rates in
exposed and control groups. Histopathological examinations revealed no
significant differences between exposed and control animals for noncancer
effects in the brain and nerves. This study identifies a NOAEL of 390
mg/kg-day for histopathological changes.

iv. v iv

Testing for developmental and reproductive toxicity of 1,1,2-trichloroethane is
unnecessary. A review of the available data quickly reveals that the likelihood of
developmental and reproductive toxicity is negligible.

EPA posits a data gap for the developmental and reproductive toxicity of
1,1,2-trichloroethane, based on the availability of only a single study. That developmental
study, by Seidenberg ez al., exposed mice to 1,1,2-trichloroethane during gestation. While |
significant toxicity was observed in the mice, no effects were observed in the pups to which
they gave birth.'® Although this study suffers from certain limitations (single dose tested,
short exposure duration), it demonstrates a lack of developmental effects for
1,1,2-trichloroethane at a dose approximate to the maximum tolerable dose. Little information
would be obtained from additional study since the testing of higher doses would only result in
greater maternal toxicity, while the testing of lower doses would only confirm the absence of
developmental effects at lower levels.

The weight of the available evidence on the developmental and reproductive effects of
1,1,2-trichloroethane, the potential for exposure, and the current regulatory structure all
support the conclusion that the testing proposed is not necessary.

Although there is little information available regarding the potential for developmental
effects of 1,1,2-trichloroethane, the data suggest that developmental effects are not of primary

concern for chlorinated ethanes in general. Most studies have reported either no

18

Groups of 30 ICR/SIM mice were exposed to O (vehicle control) or 350 mg/kg-day 1,1,2-trichloroethane
on days 8 through 12 of gestation via corn oil gavage. Significant toxicity (3 deaths) was observed in exposed
animals. However, no effects were observed on pup viability, pup weight, litter size, or terata. The dose level of
350 mg/kg-day serves as a LOAEL for material toxicity and a NOAEL for developmental effects. Seidenberg, ef
al., Teratogenesis, Carcinogenesis, and Mutagenesis, 6:361-374 (1986) (Appendix, Tab 4).
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developmental effects or effects only at very high concentrations of chlorinated ethanes."
Therefore, when the negative results of the Seidenberg study are considered along with the
weight of the negative evidence for structurally related compounds, additional study on the
developmental effects of 1,1,2-trichloroethane does not appear to be necessary, particularly
where potential human exposures are minimal and will remain minimal due to the potential
carcinogenic risk.

Studies in whickh reproductive tissues were histopathologically evaluated have generally
reported negative results. For example, in the NCI bioassay, no histopathological effects were
observed in the testes, prostate, tunica vaginalis, uterus, mammary gland, and ovary in rats
exposed orally to 46-92 mg/kg-day or in mice exposed orally to 195-390 mg/kg-day for 78
weeks.

Available data also suggest that, as is the case with developmental effects, reproductive
effects are not of primary concern for chlorinated ethanes in general. In this case as well,
most studies have reported either no reproductive effects or effects only at very high
concentrations of chlorinated ethanes.”’ In light of 1,1,2-trichloroethane's lack of
histopathological effects on reproductive tissues, and the negative available data on structurally
related compounds and very low human exposure potential, additional study on the

reproductive effects of 1,1,2-trichloroethane does not appear to be necessary.

v, carci .
There are adequate bioassay data, described below and in the attached Table 3, to

assess the carcinogenicity of 1,1,2-trichloroethane:

. NCI (1978) (Appendix, Tab 3) - Groups of 50 male and 50 female rats
(Osborne-Mendel) were exposed to each of two dose levels via corn oil
gavage, 5 days/week for 78 weeks. Two control groups (vehicle and
untreated) of 20 animals/sex were also included in the study. Initial doses of
0, 30, and 70 mg/kg-day were raised to 0,50, and 100 mg/kg-day after 8 days
of exposure. Time-weighted average doses of 0, 46, and 92 mg/kg-day were

" See Appendix, Tab 5 for a table summarizing the developmental toxicity data for chlorinated ethanes.

0 National Cancer Institute, Bioassay of 1,1,2-Trichloroethane for Possible Carcinogenicity, 1SS

DHEW/PUB/NIH-78-1324 (1978) (Appendix, Tab 3).

a See Appendix, Tab 6 for a table summarizing the reproductive toxicity data for chlorinated ethanes.
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calculated by the study authors. High mortality was noted in the vehicle
control group. Animals were followed up to 34 weeks after exposure. No
statistically significant increase in tumor incidence was observed in exposed
rats. The authors concluded that there was no convincing evidence for the
carcinogenicity of 1,1,2-trichloroethane in rats. However, the maximum
tolerable dose may not have been achieved in this study.

NCI (1978) (Appendix, Tab 3) - Groups of 50 male and 50 female mice
(B6C3F1) were exposed to each of two dose levels via corn oil gavage, 5
days/week for 78 weeks. Two control groups (vehicle and untreated) of 20
animals/sex were also included in the study. Initial doses of 0, 150, and 300
mg/kg-day were raised to 0, 200, and 400 mg/kg-day after week 20 of
exposure. Time-weighted average doses of 0, 195, and 390 mg/kg-day were
calculated by the study authors. Animals were followed for up to 12 weeks
following exposure. Mortality was significantly increased in exposed female
mice, however this may not have been dose-related (mortality was greater in_
the low dose group compared to the high dose group). The incidence of
hepatocellular carcinomas was significantly increased in exposed mice of both
sexes. Additionally, adrenal pheochomocytomas were elevated in female
mice. The authors concluded that 1,1,2-trichloroethane was carcinogenic to
mice under the conditions of this bioassay.

EPA has used these data to develop both oral and inhalation cancer potency factors on
the IRIS data base (Appendix, Tab 7). A repetition of the cancer bioassay for
1,1,2-trichloroethane would not be a justifiable use of laboratory animals, particularly in light
of the fact that a chronic bioassay (by subcontoneous injection) is also available (Norpoth ez al.

1988).%

vi.  Immunotoxicity
Adequate data are available to assess the immunotoxicity of 1,1,2-trichloroethane, as

described below and in the attached Table 4:

Sanders et al. (1985) (Appendix, Tab 8) - Groups of 32-48 male and
32-48 female CD-1 mice were exposed to doses of 0, 4.4, 46, or 305
mg/kg-day (males), or 0, 3.9, 44, or 384 (females) 1,1,2-trichloroethane in the
drinking water for 90 days. Drinking water consumption and body weight
gain were reduced in concentration-dependent manner in male mice, but not in
female mice. Spleen weights were decreased in a dose-dependent manner in

2 Norpoth, K. ez al., Investigations on the Metabolism and Carcinogenicity of 1,1,2-Trichloroethane, J.
Cancer Res. Clin. Oncol. 114: 158-162 (1988). ~
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male mice, but were significantly increased in females exposed to the highest
dose. Bone marrow status as indicated by DNA synthesis was not affected by
exposure. Cell-mediated immunity, as measured by delayed-type
hypersensitivity and popliteal lymph node proliferation responses to sheep
erythrocytes, was unaffected in both sexes. However, humoral immune status
was significantly depressed in both sexes in a dose dependent manner. For
example, hemagglutination titers were significantly depressed in both sexes at
the two highest doses. In addition, lymphocyte responsiveness to Con A and
LPS was significantly depressed in female mice exposed to the highest dose,
but unaffected in exposed male mice. This study identifies a LOAEL of 44-46
mg/kg-day and a NOAEL of 3.9-4.4 mg/kg-day for depression of humoral
immunity.

NCI (1978) (Appendix, Tab 3) - Groups of 50 male and 50 female mice
(B6C3F1) were exposed to each of two dose levels via corn oil gavage, 5
days/week for 78 weeks. Two control groups (vehicle and untreated) of 20
animals/sex were also included in the study. Initial doses of 0, 150, and 300
mg/kg-day were raised to 0, 200, and 400 mg/kg-day after week 20 since the
animals seemed to tolerate exposure. Time-weighted average doses of 0, 195,
and 390 mg/kg-day were calculated by the study authors. Histopathological
examinations revealed no significant differences between exposed and control
animals for noncancer effects in immunological tissues (i.e., spleen, bone
marrow, lymph nodes). This study identifies a NOAEL of 390 mg/kg-day for
histopathological effects.

vii. InViv ici
Testing for in vivo cytogenicity is unnecessary for reasons directly opposite those
described above for acute toxicity. Existing studies have already identified a genotoxic effect
for 1,1,2-trichloroethane in vivo, as well as a cytogenetic effect in vitro. One can reasonably
assume that genotoxic and cytogenetic effects would also be observed following inhalation

exposures to 1,1,2-trichloroethane.

2. EDC
The available information on EDC, like that for 1,1,2-trichloroethane, is sufficient for
screening analysis and residual risk determinations. EPA has proposed inhalation testing in
the following areas: acute toxicity, subchronic toxicity, developmental toxicity, reproductive
toxicity, and neurotoxicity. The estimated cost of these tests is approximately $2.4 million. A

review of the data currently available on EDC indicates that additional testing is not necessary
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for these endpoints. Oral studies for acute toxicity, subchronic toxicity, reproductive toxicity,
and neurotoxicity are already available. These studies can serve as the basis for route-to-route
extrapolation to gauge inhalation effects and fill any data gaps that may concern EPA. As for
developmental toxicity, an inhalation study that appeared after EPA had completed its
literature search for the proposal provides the data that the Agency sought in that area.”
Indeed, in response to the PK proposal submitted by the HAP Task Force, EPA has expressly
recognized that this study adequately addresses the Agency's data need in the area of

developmental toxicity testing.*

i. Acute Toxicity
There is an adequate study available to assess the acute effects of EDC, as described

below and in the attached Table 5:

Daniel et al. (1994) (Appendix, Tab 11) - Groups of 10 male and 10 female
Sprague-Dawley rats were exposed to 0, 10, 30, 100, or 300 mg/kg-day EDC via corn
oil gavage for 10 days. Significant mortality (10/10 females, 8/10 males) was noted at
the highest dose. Body weight, clinical chemistry, and hematological findings in
exposed animals were not significantly different from controls. The main
histopathological change noted was inflammation of the forestomach in animals
receiving 100 mg/kg-day or more. This endpoint represents a direct contact effect of
EDC, which is attributable in part to the mode of administration (i.e., high
concentrations administered as a bolus dose in corn oil). Since this effect is not
extrapolatable to inhalation exposures, this study identifies a NOAEL of 100
mg/kg-day for histopathological changes in the liver and kidney.

It is unlikely that EDC would have portal-of-entry effects. EDC does not accumulate
preferentially in the lungs following inhalation exposure, but distributes rapidly to other
tissues. Following inhalation exposure to 50-250 ppm EDC for two to three hours, the levels
of EDC in the lungs were lower than those observed in the blood and much lower than those

observed in adipose tissue.”

n Payan et al., Assessment of the Developmental Toxicity and Placental Transfer of 1,2 Dichloroethane in

Rars, Fund. Appl. Toxicol. 28: 189-198 (1995) (Appendix, Tab 9).

# Environmental Protection Agency, Preliminary EPA Technical Analysis of Proposed Industry

Pharmacokinetics (PK) Strategy for Ethylene Dichloride (EDC) (June 1997), p. 9 (Appendix, Tab 10).

» Speafico F. et al., Pharmacokinetics of Ethylene Dichloride in Rats Treated by Different Routes and its

Long-Term Inhalatory Toxicity. In: Ames B.N. et al., Ethylene Dichloride: A Potential Health Risk?, Banbury
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ii. Subchronic Toxicity
There are a number of subchronic studies of EDC by the oral route, which are
certainly adequate to assess its subchronic toxicity. These are summarized below and in the

atached Table 6:

NTP (1991 - Drinking Water Study in Rats) (Appendix, Tab 12) -
Groups of 10-20 male and 10 female F344/N, Osborne-Mendel, and
Sprague-Dawley rats were exposed to drinking water containing 0, 500,
1,000, 2,000, 4,000, or 8,000 ppm EDC for 13 weeks. The actual doses
received by the animals varied slightly between species and sex, but were
generally between 0, 49-82, 86-126, 145-213, 259-428, 515-727 mg/kg-day
for the respective water concentrations. Mortality was not significantly
affected by exposure in any strain or sex. This study identifies a NOAEL and
LOAEL of 58 and 102 mg/kg-day, respectively, for the effects of EDC on the
kidney in F344/N rats. The remaining findings from this study are discussed
according to rat strain below:

F344/N - Water intake and body weights were affected in
F344/N rats at the two highest doses. No compound-related clinical
signs were noted. The authors attributed slight changes in
hematological parameters to mild dehydration. Liver and kidney
weights were elevated in all exposed animals compared to controls.
Histopathological changes in the liver were not observed. While mild
renal tubular regeneration was comparable to controls in exposed male
rats, the incidence of this effect was increased in a dose-dependent
manner in female rats exposed to 1,000 ppm or more.

Sprague-Dawley - Water intake and body weights were affected
in Sprague-Dawley rats at the two highest doses. No compound-related
clinical signs were noted. The authors attributed slight changes in
hematological parameters to mild dehydration. Liver and kidney
weights were elevated in all exposed animals compared to controls.
Histopathological changes in the liver were not observed. The
incidence of mild renal tubular regeneration was comparable to
controls in exposed male and female rats.

Osborne-Mendel - Water intake and body weights were affected
in Osborne-Mendel rats exposed to 1,000 ppm (females) and 2,000
ppm (males) or more. No compound-related clinical signs were noted.
The authors attributed slight changes in hematological parameters to
mild dehydration. Kidney weights were elevated in all dosed females.

Report No. 5 (Cold Spring Harbor, New York), pp. 107-133.
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Liver weights were elevated in exposed males receiving 1,000-2,000
ppm. Histopathological changes in the liver were not observed. The
incidence of mild renal tubular regeneration was not significantly
different from controls in exposed male and female rats.

NTP (1991 - Corn Oil Gavage Study in Rats) (Appendix, Tab 12) -
Groups of 10-20 male and 10 female F344/N rats were exposed to 1, 30, 60,
120, 240, or 480 mg/kg-day (males) or 1, 18, 37, 75, 150, or 300 mg/kg-day
(females) EDC via corn oil gavage for 13 weeks. Significant mortality was
noted in male rats (all) receiving 240 mg/kg-day or more, and in female rats
(9/10) exposed to 300 mg/kg-day. Body weights were decreased in rats
exposed to the highest dose. Liver and kidney weights were elevated in all
exposed animals, however histopathological changes in these tissues were not
observed. Forestomach effects (hyperplasia, inflammation, and
mineralization) were noted in animals that died or were moribund. Necrosis
of the thymus was observed in males exposed to 240 mg/kg or more, and in
females exposed to 300 mg/kg.  The incidence of renal tubular regeneration
was comparable between exposed and control animals. Histopathological
changes in the liver were not observed. Neurological effects were also
observed in animals exposed to the highest doses of EDC. This study
identifies a LOAEL of 120 mg/kg-day for necrosis of the thymus.

NTP (1991 - Drinking Water Study in Mice) (Appendix, Tab 12) -
Groups of 10 male and 10 female B6C3F1 mice were exposed to drinking
water containing 0, 500, 1,000, 2,000, 4,000, or 8,000 ppm EDC for 13
weeks. These concentrations corresponded to doses of 1, 249, 448, 781,
2,710, or 4,207 mg/kg-day (males) and O, 244, 647, 1,182, 2,478, or 4,926
mg/kg-day (females). Significant mortality (9/10) limits the interpretation of
results from female mice exposed to the highest dose. All other exposed
animals survived the full 13 week exposure. Compound-related clinical signs
were not observed in any dose group. Body weights were lower in all
exposed males, and in females exposed to 1,000 ppm or more. Liver and
kidney weights were elevated in all exposed animals. In addition,
mild-to-moderate tubular regeneration was noted in males exposed to the two
highest doses. Histopathological changes in the liver were not observed. This
study identifies a NOAEL and LOAEL of 781 and 2,710 mg/kg-day for renal
effects in mice.

Daniel et al. (1994) (Appendix, Tab 11) - Groups of 10 male and 10
female Sprague-Dawley rats were exposed to 0, 37.5, 75, and 150 mg/kg-day
EDC via corn oil gavage for 90 days. No treatment-related effects were noted
regarding mortality, clinical observations, ophthalmology, gross pathology, or
histopathology in exposed animals. Body weight gain and food consumption
were significantly decreased in male rats exposed to the highest dose.
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Statistically significant differences in hemoglobin, hematocrit, red blood cell
count, platelets, albumin, and alkaline phosphatase were noted in animals
exposed to 75 mg/kg-day or more. Organ weight changes (liver, kidney,
brain) were also noted in animals exposed to the two highest doses. This
study identifies a LOAEL of 75 mg/kg-day and NOAEL of 37.5 mg/kg-day
for hematological effects and organ weight changes.

iii. Reproductive ToxXicity
Three reproductive studies are currently available for EDC (Lane et al. 1982; Rao et
al. 1980; Alumot et al. 1976). They are described briefly below:

Lane et al. (1982) (Appendix, Tab 13) - In a multigeneration study,
groups of 10 male and 30 female ICR Swiss mice were exposed to 1, 5, 15, or
50 mg/kg-day EDC via the drinking water. The FO generation was exposed
for 5 weeks prior to mating, whereas the F1 generation was exposed for 11
weeks prior to mating. No treatment-related effects on fertility, gestation,
terata, pup weight gain, pup survival, or dominant lethal mutations were
observed. This study identifies a NOAEL of 50 mg/kg-day for the
reproductive effects of EDC.

. Rao et al. (1980, also cited as Murray et al. 1980, Schiacter et al.
1979, and Shell Oil 1979) (Appendix, Tab 14) - In a single generation study,
groups of 20-30 male and female Sprague-Dawley rats were exposed via
inhalation to 0, 25, 75, or 150 ppm EDC for 6 hours/day beginning 60 days
prior to mating, and continuing through gestation (Fla and F1b). No
treatment related effects were observed on fertility index, pup survival,
gestation length, sex ratio, or organ weights in pups from either the Fla or
F1b litters. This study identifies a NOAEL of 150 ppm for the reproductive
effects of EDC.

Alumot et al. (1976) (Appendix, Tab 15) - In a single generation study,
groups of 18 male and 18 female rats (species not specified) were exposed to
mash fumigated with EDC. Residue levels measured 250 and 500 ppm,
corresponding to doses of approximately 13 and 25 mg/kg-day, respectively.

- After 6-weeks on the test diet, females were mated with untreated males.
Thereafter, at 2-monthly intervals, 45 treated males were mated with treated
females for a total of 24 months. Following mating, females were weighed
twice weekly. Litter size and weight were recorded at parturition and at 10
days. Liver fat content and serum biochemistry analyzes were performed on
parental animals at the end of the treatment period, and did not reveal
significant effects. No treatment related effects were reported on reproductive
success in animals followed for up to 5 sequential pregnancies during a
two-year exposure period. This study provides excellent information
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regarding the potential for reproductive effects in aging animals (an important
endpoint which is not specifically addressed in the TSCA testing
requirements). This study identifies a NOAEL of 25 mg/kg-day for the
reproductive effects of EDC.

Although neither Rao et al. (1976) nor Alumot ez al. (1976) satisfy all current TSCA
testing requirements, these studies do provide useful information regarding the potential for
reproductive effects of EDC. Because a second generation was evaluated by Lane ez al.
(1982), it warrants additional consideration. The study design for Lane er al. (1982) was
approved by EPA. A comparison of this study to current TSCA testing requirements is

provided below:

Points w] . I (1S
Adequacy of test species: Swiss mice
Adequate number of dose groups: Four (including control)
Adequate study design: Two generations
Adequate evaluation of the following endpoints: gross necropsy, body
weight, fertility index, gestation/lactation index.

Points where requirements are exceeded by Lane er al. (1982)

. Number of pregnant animals/dose group: 20 required, 30 tested
Number of F1 and F2 matings: 1 F1 required, 3 tested; 1 F2 required,
2 tested
Dominant lethal mutations: Not required under TSCA

Poi i . by L L (1982
Lack of evaluation of the following endpoints: organ weights,
histopathology, estrous cyclicity, sperm count/morphology, age at
sexual maturation.

The potential limitations of Lane ez al. (1982) are discussed below:

Organ Weights - Organ weights were not measured in FO, F1, or F2
animals by Lane et al. (1982). However, this endpoint is of questionable
significance, since changes in organ weight usually do not constitute an
adverse effect. Furthermore, since organ weights for reproductive tissues
were reported in several other studies without remarkable findings (Cheever ¢t
al. 1990; Daniel et al. 1994; Rao er al. 1980; NTP, 1991), this does not
constitute a serious limitation in the study design.
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Histopathology - Histopathological examinations of FO, F1, or F2
animals were not conducted by Lane er al. (1982). Regarding FO animals,
several other studies have evaluated histopathology of reproductive tissues
following oral and inhalation exposures (Rao et al. 1980; NTP, 1991; Daniel
et al. 1994; Cheever et al. 1990), none of which report any histopathological
change in reproductive tissues. In addition, histopathoiogical changes of the
liver, kidney, and any other target organs noted during gross examination have
been evaluated in F1 rat pups (Rao er al. 1980), again without notable effects.
However, regarding F1/F2 animals, this is no longer required:

"EPA dropped the requirement of histopathology of
developmental anomalies observed macroscopically in F1 and F2
weanlings."

63 Fed. Reg. 43820, 43822 (Aug. 15, 1997). For this reason, the absence of
histopathology does not constitute a significant limitation in this study.

Sperm Count, Motility, Morphology - Sperm structure and function
were not evaluated by Lane ef al. (1982). The dominant lethal mutation assay
(which was conducted by Lane et al.) is, however, a more relevant endpoint
for EDC, since it is recognized as a DNA-reactive chemical.

Estrous Cyclicity - Estrous cyclicity was not evaluated by Lane e al.
(1982). Halogenated organic compounds that are known to affect the estrous
cycle (such as DDT, methoxychlor, PCBs) are generally believed to produce
their effects via interaction with the estrogen receptor. Given the chemical
structure of EDC, it is very unlikely that it exerts any estrogenic (or other
hormonal) activity.

Age at Sexual Maturation - The age at sexual maturity (day of vaginal
opening/preputial separation) was not assessed by Lane er al. (1982). Like
estrous cyclicity, halogenated organic chemicals which are known to speed or
delay the onset of sexual maturity (including DDT, methoxychlor,
polychlorinated biphenyls, polybrominated biphenyls) are generally believed to
produce their effects via interaction with the estrogen receptor. Given the
chemical structure of EDC, it is very unlikely that it exerts any estrogenic (or
other hormonal) activity.

In summary, the deficiencies noted for Lane et al. (1982) can be characterized as
minor. Two endpoints (organ weight, histopathology) are readily addressed by other studies,
or are no longer applicable. The remaining three endpoints (sperm morphology, estrous

cyclicity, age at sexual maturation) are more appropriately characterized as those aimed at
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understanding the mechanism by which a chemical affects reproductive success. Because the
weight of evidence (Alumot et al. 1976; Rao et al. 1980; Lane et al. 1982) clearly indicates
that EDC has no effect on reproductive success, the importance of these mechanistic endpoints
is greatly reduced. Furthermore, the likelihood of obtaining a positive response for these
endpoints (if assayed) is small. Additional testing for the reproductive effects of EDC is not

warranted.

iv.  Neurotoxicity
Adequate studies to evaluate the neurotoxic potential of EDC are described below and

in the attached Table 7:

NTP (1991 - Drinking Water Study) (Appendix, Tab 12) - Groups of
10-20 male and 10 female F344/N, Osborne-Mendel and Sprague-Dawley rats,
and 10 male and 10 female B6C3F1 mice were exposed to drinking water
containing 0, 500, 1,000, 2000, 4,000, or 8,000 ppm EDC for 13 weeks.
Significant mortality (9/10) limits the interpretation of results from female
mice exposed to the highest dose. All other exposed animals survived the full
13 week exposure. No compound-related clinical signs, changes in brain
weight, or histological changes of the central nervous system (brain and spinal
cord) were observed in any of the exposed animals. Although no LOAELs
were identified, this study identifies a NOAEL of 8,000 ppm for EDC
(approximately 492 mg/kg-day in rats and 4,207 mg/kg-day in mice) for
neurological effects.

NTP (1991 - Corn Oil Gavage Study in Rats) (Appendix, Tab 12) -
Groups of 10-20 male and 10 female F344/N rats were exposed to 0, 30, 60,
120, 240, or 480 mg/kg-day (males or O, 18, 37, 75, 150, or 300 mg/kg-day
(females) EDC via corn oil gavage for 13 weeks. Significant mortality was
noted in male rats (all) receiving 240 mg/kg-day or more, and in female rats
(9/10) exposed to 300 mg/kg-day. Clinical signs, including tremors,
salivation, emaciation, abnormal posture, ruffled fur, and dysnea were noted
in males exposed to 240 mg/kg-day and in females exposed to 300 mg/kg-day.
In addition, necrosis of the cerebellum was observed in males exposed to 240
mg/kg or more, and in females exposed to 300 mg/kg. This study identifies a
LOAEL of 240 mg/kg-day and a NOAEL of 120 mg/kg-day for clinical signs
of neurotoxicity and necrosis of the cerebellum.
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3. YDC

As in the case of 1,1,2-trichloroethane, the low exposure profile of VDC enables EPA
to base residual risk determinations on existing data, which are more than adequate for
screening and residual risk assessments. EPA proposes to require acute and neurotoxicity tests
by the inhalation route for VDC, at a cost of over $500,000. Yet, as described in section II
above, the number of workers potentially exposed to VDC is well below the 1000-worker
threshold. Moreover, as described more fully in section II, there is no basis in the record
from which to conclude that the general population or consumer thresholds are met. Ambient
air levels are extremely low.

Acute exposure of humans and animals to high concentrations of VDC results in CNS
depression and unconsciousness, which are consistent with observations for many organic
solvents. There have been no known reported deaths resulting from acute accidental exposures
to VDC, and individuals that have been acutely exposed have completely recovered.”® No
histopathological effects were observed in lung tissue related to VDC exposure at 100 ppm for
6 weeks in dogs, guinea pigs, monkeys, rabbits, or rats.”’ In other studies feeding dogs 25 mg
VDC/kg-day for 97 days or rats 30 mg VDC/kg-day for 2 years did not cause any adverse
neurological effects.”® Furthermore, the available toxicokinetic data do not indicate a
route-specific target organ specificity for VDC. Based on the existing data, additional acute
testing and intermediate dosing experiments for neurological effects do not appear to be

warranted.

C. EPA Failed To Consider the Impact of
MACT Standards on Exposure

In addition to failing to consider the physical and chemical properties of the HAPs and

other chemical-specific data, EPA did not take into account the changing conditions under

2 EPA, Status Assessment of Toxic Chemicals: Vinylidene Chloride (1979).

7 Prendergast J.A. et al., Effects on Experimental Animals of Long-term Inhalation of Trichloroethylene,

Carbon Tetrachloride, 1,1,1-Trichloroethane, Dichlorodifluoromethane, and 1,1-Dichloroethylene, Toxicol. Appl.
Pharmacol. 10: 270-289 (1967).

28

Quast 1.F. et al., A Chronic Toxicity and Oncogenicity Study in Rats and Subchronic Toxicity Study in
Dogs on Ingested Vinylidene Chloride, Fundam. Appl. Toxicol. 3(1): 55-62 (1983).
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which they are emitted. In particular, EPA has not considered the impact of the adoption of
MACT standards for a number of source categories, which will dramatically restrict the
emissions of HAPs. Section 112(d) of the Clean Air Act directs EPA to set national emissions

standards for HAPs (NESHAPs) which shall require:

the maximum degree of reduction in emissions of the hazardous air pollutants
subject to this section (including a prohibition on such emissions, where
achievable) that the Administrator, taking into consideration the cost of
achieving such emission reduction, and any non-air quality health and
environmental impacts and energy requirements, determines is achievable for
new and existing sources in the category or subcategory to which such emission
standard applies.

This maximum degree of reduction in emissions is subject to a "floor," i.e., a minimum level
of reduction that must be achieved. For new sources, the emissions standards shall not be set
any lower than "the emission control that is achieved in practice by the best controlled similar
source." For existing sources, the standards must be no less stringent than the average
emission limitation that is achieved by the best performing 12 percent of existing sources in
each category or subcategory of 30 or more sources (for smaller categories or subcategories,
the average of the best performing five sources is used).

Pursuant to Section 112(d), EPA promulgated a rule setting a hazardous organics
NESHAP regulating emissions of listed hazardous air pollutants from the synthetic organic
chemical manufacturing industry (SOCMI). The rule imposed MACT standards on all major
SOCMI sources. Among the chemicals covered by the hazardous organics NESHAP are
EDC, VDC, and 1,1,2-trichloroethane. They are subject to the MACT restrictions, which
EPA itself estimates will significantly reduce emissions from the SOCMI industry, perhaps by
as much as 88 percent.”? There is no recognition of this point in the proposed test rule. The
1993 TRI data upon which EPA based its decisionmaking for the HAP test rule do not reflect
the reductions that compliance with the hazardous organics NESHAP will bring about. Yet
the Agency does not consider whether the ongoing reductions pursuant to this and other
MACT standards will diminish the risk to health and the environment sufficiently to curtail the

need for expensive testing. Nor, as discussed below, does it consider whether in some cases

» 59 Fed. Reg. 19402, 19411 (April 22, 1994).
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the reductions will result in no major sources of certain HAPs remaining in existence and
hence no statutory basis for the test rule for such HAPs.

The preamble to the proposed test rule does not indicate that there has been any inquiry
into the actual current level of emissions of the HAPs, or whether the MACT standards are
achieving the restrictions that they were intended to bring about. The Agency does not even
appear to have considered whether the "floor" standards for new and existing sources affect
the need for testing. There is no discussion of what emission control has been "achieved in
practice by the best controlled similar source” or what the average emissions limitation
achieved by the best performing 12 percent of existing sources has been. These issues pertain
not only to the need for testing, but also to the uses to which EPA will put the information that
it obtains. The Agency justifies the test rule on the basis that it will use the information to
conduct residual risk evaluations under the Clean Air Act. If that is the case, since the statute
requires residual risk evaluations to be made after MACT is in place, the test rule should be
based on projected emissions and exposure under MACT. By disregarding this aspect of the

statutory requirements, EPA undermines its own goals.

III. EPA SHOULD PROVIDE FOR TIERED TESTING, RATHER THAN
A NG OP H A T

In considering how broad and how deep a data set to require on each HAP, EPA listed

four options that it had reviewed as the range of possibilities. Briefly, these options are:

+ Option 1: one-species 90-day inhalation subchronic plus follow-up for
known or suspect toxicities;

+ Option 2: option 1 plus inhalation screening for untested toxicity
endpoints;

+ Option 3: option 1 plus less than chronic testing for noncancer
endpoints of concern;

+ Option 4: Option 1 plus chronic testing.
The baseline for each of these considerations is Option 1 testing, which consists of a

one-species 90-day inhalation subchronic test, as well as testing for endpoints that have already

been identified as existing or potential concerns by previous test results for the HAP at issue
-26 -
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or structurally similar agents. EPA would augment these studies by testing for adverse health
effects that are suggested or indicated, but not adequately characterized, by existing
information such as short-term test data, mechanistic information, or structure-activity
relationships.

Of these choices, EPA selected Option 3. This would mandate not only the Option 1
90-day subchronic inhalation studies, but also inhalation testing to assess reproductive effects
(that is, a two-generation reproductive toxicity study), as well as developmental toxicity tests
in two mammalian species. Option 3 also includes an acute toxicity testing guideline for
histopathology of the respiratory tract, the kidney, and the liver, as well as a broncheoalveolar
lavage after four hours of exposure.®® This is a wide array of endpoints, testing for which will
be expensive and time-consuming. Moreover, not every one of these endpoints will be
appropriate to each HAP. The HAPs are diverse in terms of their levels of emissions or
exposure and ambient air concentrations. Their physical or chemical properties, e.g., their
known or suspected toxicity and the pathways that they will take through the body, vary
widely. By selecting Option 3, EPA fails to take these factors into account, and seeks to paint
with a broad, one-size-fits-all brush.

In light of the assortment of chemicals encompassed by the proposed test rule, Option 2
is a more appropriate selection. Option 2 also begins with the Option 1 baseline of tests, but
then adds a more open-ended set of supplemental studies. It would require a one-generation
screening test for reproductive effects, a subchronic inhalation neurotoxicity screening battery,
an E. coli reverse mutation assay, gene mutation in somatic cells in culture detection, an in
vivo cytogenetics test, and an immunotoxicity screening test. Any toxicity suggested but not
characterized by existing studies in the toxicological literature would be followed up under
more rigorous protocols. This is a more flexible approach, with an emphasis on screening
studies to determine the level and likelihood of a particular risk for each individual HAP prior
to ordering more in-depth investigations. Such a course enables EPA to tailor test
requirements to the characteristics of each HAP, thus conserving both agency and industry

resources.

30 61 Fed. Reg. at 33182.
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EPA rejected Option 2, even though it conceded that it "would conserve resources
while allowing for the testing of a broader range of endpoints, including cancer.” The only
reason it offered was that it considered a one-generation reproductive test inadequate, and
thought that additional follow-up testing would be required to confirm suggestive results from
the screening studies, which would necessitate a second round of rulemaking. Such an
inflexible approach should not preclude the use of a more efficient testing scheme. The
purpose of the screening tests would be to identify those HAPs that pose a risk of reproductive
toxicity and which warrant further studies, while winnowing out those that do not, thus
relieving manufacturers of the need for unnecessary testing. Criteria can easily be developed
to determine when a screening test merits further investigation, and additional screening
methods identified to buttress the reliability of the initial test.

EPA's general opposition to tiered testing will not withstand scrutiny. EPA suggests
that such testing would be time-consuming, require multiple rulemakings, and be a burden on
EPA resources. To the contrary, an approach carefully designed at the outset to develop data
that will be useful for residual risk determinations will conserve time and Agency resources,
not to mention avoiding the needless killing of thousands of test animals. EPA also justifies
Option 3 on the grounds that it has prioritized HAPs based on exposure potential. It is clear,
however, that EPA has looked only at releases, and has neglected to assess exposure potential.

Most significantly, EPA asserts a need for a consistent even data base for the HAPs
across a broad range of endpoints. To conduct the residual risk analyses required under
Section 112(f) of the Clean Air Act, however, EPA only needs sufficient data to characterize
the health effects of an HAP at reasonably expected exposure levels. In some cases, this might
be a single chronic study supporting regulation at very low levels. EPA lacks statutory
support for going further in such cases and developing a "uniform" data base of test results
that can be seen at the outset to be completely irrelevant to a determination of residual risk.
EPA should follow the recommendation of the National Academy of Sciences that it adopt an

iterative approach to develop test data for the HAPs.*

National Academy of Sciences, Science and Judgment in Risk Assessment (1994), p. 84.
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IV.  EPA HAS NOT SUFFICIENTLY EXPLAINED
THE PURPOSE OF THE TEST RULE

A. EPA Has Not Shown how Data Developed under the
Test Rule Are N for Residual Risk .
1. EPA Has Not Prepared the Report on Residual Risk
L nations Required by S

EPA has stated that the primary purpose of the proposed test rule is to obtain data to
support residual risk analysis under Section 112 of the Clean Air Act.”> Although the Act was
amended seven years ago to require such an analysis, EPA has yet to articulate how it will
make residual risk determinations. Section 112(f) directs EPA to examine the impact of the
MACT standards on emissions and to determine whether the residual risk to the public from
non-cancer adverse health effects falls within an "ample margin of safety,"” and whether any
excess risk of cancer is lower than one in a million. In conjunction with this evaluation, EPA
must determine whether additional, post-MACT emissions limits are needed to protect public
safety. The Act requires EPA to present a report to Congress by November 15, 1996
explaining how it would conduct this evaluation.

On April 22, 1998, EPA issued for public comment the draft report to Congress on
residual risk. 63 Fed. Reg 19914. Although the draft report is 129 pages in length, nowhere
does it explain how data developed under the HAP test rule as proposed will materially assist
EPA in making residual risk determinations for animal carcinogens. The draft report speaks
entirely in generalities and uses terminology and flow charts that seem designed to obscure the
process. It studiously avoids these important questions: How will EPA use the results of
expensive studies involving thousands of test animals in evaluating whether to lower exposures
to HAPs that it already regulates on the basis that there is no safe threshold because of their
potential carcinogenicity? What purpose is served by obtaining additional test data for such
compounds? Can EPA point to any carcinogen for which non-cancer test data has driven
regulations to a lower level?

With no such explanations available, neither EPA nor the public can judge what data

will be necessary for the residual risk evaluation, or what kind of testing will be appropriate to

2 61 Fed. Reg. at 33179.
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gather it. The exchange of information and ideas normally associated with the notice and
comment process are hamstrung by this limitation. EPA should not propose such broad and
onerous testing requirements until it has completed its policy for residual risk determinations

and identified the type of information that it will utilize in making them.

2. The Proposed Test Rule Does Not Serve the Goals Identified
by the Committee on Risk Assessment and Risk Management

for R | Risk T .

While EPA has not completed its report on risk assessment, the Congressionally
established Commission on Risk Assessment and Risk Management has done so, and the
recommendations in its Framework for Environmental Health Risk Management highlight the
shortcomings of the test rule proposed by EPA.

The Commission recommends that EPA utilize a tiered scheme, conducted with
stakeholder involvement, consisting of the following steps: (i) characterize and articulate the
scope of the national, regional, and local air toxics problems and their public health and
environmental contexts; (ii) use available data and default assumptions to perform screening
level risk assessments to identify sources with the highest apparent risks; (iii) conduct more
detailed assessments of sources and facilities with the highest risks; (iv) at facilities with
incremental lifetime upper-bound cancer risks greater than one in 100,000 persons exposed or
that have exposure standards, examine and choose risk reduction options in light of total
facility risks and public health context; and (v) consider reduction of residual risks from
source categories of lesser priority.”

The Commission noted that EPA is not well prepared to implement such a tiered risk
assessment because "[c]ritical information gaps exist that hinder EPA from reliably
determining to what extent MACT standards are reducing health risks and whether significant

"

residual risks remain.” The proposed test rule will not fill these existing gaps. For example,

the Commission notes that the analysis under the first step in the risk assessment scheme

should put air toxics in the context of exposures from other air pollutant sources and other

Commission on Risk Assessment and Risk Management, Framework for Environmental Health Risk
Management (1997), p. 109 (Appendix, Tab 16).
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environmental pathways. The second step, screening risk assessments, involves consideration
of stack heights, distances to fence lines, emission rates, and "lookup tables" to estimate
maximum offsite concentrations, as well as the size of the exposed populations. Yet, as noted
above, the proposed test rule gives no consideration to exposure or exposed populations. The
Commission concluded its section on Hazardous Air Pollutants by stating that "[b]y looking at
hazardous air pollutants in the larger context of air pollution in particular geographic areas,
EPA will be able to make more informed decisions about reducing residual emissions."* The

proposed test rule fails to take such a course.

B. The Statute Does Not Require Residual Risk Analysis for VDC

and 1,1,2-Trichloroethane, and Available Carcinogenicity Data
Suffice for Such Determinations for those HAPs as Well as EDC

Section 112(f) of the Clean Air Act does not require residual risk determinations where
there are no major sources of an HAP remaining after implementation of MACT standards.
Only a handful of the facilities currently emitting VDC or 1,1,2-trichloroethane are major |
sources, and there will be even fewer, if any, as the hazardous organics NESHAP or other
MACT standards are implemented. According to the 1995 TRI data, there are only two major
sources of VDC emissions -- one of which only exceeded the 20,000 pounds a year threshold
for emissions by 900 pounds -- and only five major sources of 1,1,2-trichloroethane emissions,
three of which exceeded the 20,000 pound threshold by fewer than 3,000 pounds (Appendix,
Tab 17). This reflects a significant reduction in number of major sources since the 1993 TRI
report. Yet EPA would impose a test rule for these two substances with estimated test costs of
over $500,000 and nearly $4 million, respectively. This is not an effective use of resources.
If current trends continue, there may well be no major sources of either HAP after 2000.

In light of these figures, EPA will be hard-pressed under Executive Order 12866 --
which provides that federal agencies shall, in deciding whether and how to regulate, assess all
costs and benefits of available regulatory alternatives, including the alternative of not
regulating -- to justify the cost of testing to conduct residual risk determinations that may not

even have to be done.

M Id. at 110.
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Another cost ignored by EPA is the loss of animal life that this rule would entail. To
conduct the tests required by the proposed test rule would mean the sacrifice of thousands of
test animals, all to obtain data that EPA has not yet decided how to use. As an ethical matter,
such a program should not be entered into lightly, without careful consideration of the need for
the testing and the way that the test results will be used to benefit public health. EPA does not
seem to have even acknowledged this issue as a factor in its decisionmaking.

While the cosis of the proposed test rule are significant from both a financial and
ethical standpoint, the potential benefits are meager. EDC, VDC, and 1,1,2-trichloroethane
are already considered possible or probable human carcinogens by EPA, and it is not clear
how acute, neurotoxicity, immunotoxicity, developmental, or reproductive toxicity studies
would be of any use to a residual risk determination. IRIS lists a unit risk estimate of cancer
potency for EDC of 2.6 x 10° (ug/m®) (Appendix, Tab 18). The unit risk estimate for VDC is
5.0 x 107 (ug/m®) (Appendix, Tab 19) and for 1,1,2-trichloroethane is 1.6 x 107 (ug/m’)
(Appendix, Tab 7). Accordingly, these HAPs are already subject to strict emissions or
discharge limits where they are regulated as carcinogens. For example, the maximum
contaminant level goal (MCLG) for EDC in drinking water is 0, and the maximum
contaminant level is 5 ug/l. The MCLG for VDC is 7 ug/l, with an MCL of 7 ug/l. The
MCLG for 1,1,2-trichloroethane is 3 pug/l with an MCL of 3 ug/l.

It is inconceivable that EPA would make these requirements stricter as a result of
acute, neurotoxicity, immunotoxicity, developmental, or reproductive toxicity tests.
Carcinogens have traditionally prompted the imposition of the strictest possible standards by
EPA, because of its application of a non-threshold model to estimate risk. The other effects,
on the other hand, are generally recognized as threshold effects. Whatever the results of such
testing for EDC, VDC, or 1,1,2-trichloroethane, regulation to reduce potential cancer risk to
the most exposed individual to 1 x 10 or even 1 x 10" will ensure an "ample margin of

safety” for the non-cancer effects.
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C. The Alternative Justifications That EPA Provides
For The Test Rule Also Do Not Support Its Breadth

It is not realistic to suggest that the Agency will ease the requirements or “de-list" any
of these substances under Section 112 if the developmental and reproductive toxicity or other
required test results are negative. Regardless of the outcome of those tests, EDC, VDC, and
1,1,2-trichloroethane will remain HAPs. Their rankings as possible or probable human
carcinogens will not be affected by the results of acute, neurotoxicity, immunotoxicity, or
developmental and reproductive toxicity tests. For EPA seriously to suggest such benefits for
the proposed test rule indicates that it is searching desperately for a rationale for the testing.

EPA also indicates that it would use the data obtained by the test rule to estimate
potential risks associated with the accidental release of chemicals as required by Section 112(r)
of the Clean Air Act. EDC, VDC, and 1,1,2-trichloroethane, however, are not listed in
Section 112(r), nor do they appear in the list of toxic substances and threshold quantities for
accidental release prevention that EPA promulgated in accordance with Section 112(r).* In
fact, only four of the 20 HAPs covered in the proposed test rule have been listed under Section
112(r). EPA cannot justify its proposed test rule on this basis, as the use it identifies is
unauthorized by statute.

In addition to the lack of statutory authority for EPA's purported interest in
determining the risks of accidental release of EDC, VDC, and 1,1,2-trichloroethane, such a
determination is unnecessary as a matter of policy. EPA has already appointed an independent
committee to assess the available information on accidental release and develop appropriate
policies. In June 1996, EPA's Office of Pollution Prevention and Toxics (OPPT) announced
the formation of a 30-member federal advisory committee -- the National Advisory Committee
for Acute Guideline Levels for Hazardous Substances -- that would develop and recommend
short-term exposure levels for airborne releases of hazardous substances. The Committee,
which reports to the Deputy Administrator of EPA, will review toxicological data on over 700

chemicals. The Committee will then prepare acute exposure guideline levels (AEGLs) for

8 40 C.F.R. § 68.130. VDC does appear in the List of Flammable Substances and Threshold Quantities
for Accidental Release Prevention published in the same regulation. Id. None of the tests proposed for the HAPs
relate to flammability, however, and EPA cannot seek to justify its proposal on this basis.
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AEGLs for four time periods, ranging from 30 minutes to 8 hours. The three levels are:
AEGL-1, where there is chemical detection; AEGL-2, where discomfort is experienced; and
AEGL-3, where disability occurs.

AEGLs may be used for emergency planning, or for response and prevention programs
related to manufacture, processing, storage, transportation, or the remediation of waste sites.
The AEGLs would not carry any compliance obligation unless a federal or state agency were
to adopt or incorporate them into regulations or standards. Several agencies have already
evidenced an interest in utilizing the standards. The Occupational Safety and Health
Administration (OSHA) has indicated that it intends to use them in setting short-term exposure
limits for worker safety and for implementing process safety management standards. In
addition, the Department of Transportation has stated its intention to use the AEGLs in
calculating the initial isolation and protective action distances that it compiles for use by
emergency response personnel at chemical spill sites.”® Moreover, EPA has stated that it may
use AEGLs as a basis for adding chemical substances to the list of chemicals that must be
reported under Section 302 of the Emergency Planning and Community Right-to-Know Act.”
This wide array of interests in and potential uses for the AEGLs demonstrate the
comprehensive nature of the role that they will serve.

OPPT has explained that the Committee was formed because nine federal agencies and
eight state, local, and nongovernment organizations had developed or were considering
developing AEGLs. The obvious intent was to preclude unnecessary duplication. In light of
the purpose, goals, and capabilities of the Committee, for EPA now to embark on a separate
program to estimate the risks associated with accidental release by requiring manufacturers to
undertake the considerable private expense of generating the same information that EPA itself
has charged the Committee to develop is redundant at best. Such an action would undermine
the very goal that the Agency sought to achieve.

Yet another ostensible secondary purpose set forth by EPA for the test rule is to "better
inform communities and citizens of toxic chemical hazards in their own localities." This

interest is not served by providing a deluge of information about chemical substances with

36

Chemical Regulation Reporter, June 21, 1996.
3 Id., 42U.S.C. § 11002.
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minimal human exposure. Such a barrage merely adds to the clutter of information that the
public receives every day about aspects of daily life that might conceivably pose a threat to
health or safety. The sheer volume of these reports, from both government and
nongovernment sources, lessens the likelihood of the public taking heed of any individual
warning in particular. By seeking to publicize every chemical with toxic effects as a risk to
local health and safety, regardless of the extent of exposure, EPA compounds this trend and
threatens to undermine its own credibility. The goal of informing communities would be
better served by taking emissions patterns into account and focusing attention on actual,

significant threats.

V. EPA HAS ALREADY DETERMINED THAT THE AVAILABLE DATA
ARE ADEQUATE TO CONCLUDE THAT EDC DOES NOT PRESENT
AN UNREASONABLE RISK TO HEALTH OR THE ENVIRONMENT

EPA has examined EDC in the recent past and found the available data sufficient‘ to
support a conclusion about its potential risks to health or the environment. In 1993, OPPT
released a Risk Management 2 Lifecycle and Pollution Prevention Assessment ("RM 2") for
EDC (Appendix, Tab 20). The goal of the RM 2 was to perform a risk characterization
addressing the question of the future public health impact of EDC exposure if facility releases
continued over time at the then-current rate. While acknowledging that no model can predict
the future, the RM 2 sought "to provide insight into the need for reductions in current EDC
releases” and to develop "a meaningful way to examine the hypothetical risks associated with
long term EDC releases." **

In evaluating the health and environmental hazard for purposes of the risk
characterization, OPPT noted that EDC can cause both acute and chronic health effects, that
exposure can effect the liver, lungs, kidneys, and nervous system, and that some evidence

supports concerns about reproductive and immunologic effects. Nonetheless, OPPT concluded

that "the driving health hazard concern for EDC is carcinogenicity."* Therefore, rather than

Office of Pollution Prevention and Toxics, U.S. Environmental Protection Agency, Risk Management 2
Lifecycle and Pollution Prevention Assessment for 1,2-Dichloroethane (Ethylene Dichloride) CAS# 107-06-2,
(December 6, 1993) ("RM 2") (Appendix, Tab 20), p. 7.
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» RM 2, p. 15.
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sink into paralysis in an effort to obtain all possible information, OPPT focused the RM 2
report on EDC's status as a probable human carcinogen. In looking at cancer effects, an
"upper bound estimate" of EDC's potency was used, meaning that the potency is unlikely to be
higher and may actually be fower.*

With this in mind, OPPT examined the 1990 TRI data on EDC and came to
conclusions regarding its potential health risks. Regarding inhalation exposure from stack and
fugitive releases, it concluded that the 1990 data gave some cause for concern. Nationwide, it
estimated a total population potentially exposed to EDC by inhalation of 84 million people,
and projected that 64 cancers would occur in this group over a 70-year period. The vast
majority of these cases, however, 57 of the projected 64, would occur in a much smaller
population of 5.9 million people. The highest potential for risk existed among subpopulations
in closest proximity to facilities emitting EDC, where the exposure concentration is highest.*

Due to uncertainties associated with modeling, OPPT did not regard these estimates as
definitive statements about the health risks of EDC. It did consider them cause for concern,
however, particularly since releases had increased at three of the highest emitting facilities
between 1989 and 1990. OPPT concluded that pollution prevention measures to reduce air
emissions would be necessary. Therefore, it decided to obtain the 1991 TRI Form R data for
the four facilities associated with the highest projected risks. These data showed a reversal in
the increasing air releases, as all four facilities reported reductions in releases for 1991.%
While the 1991 reductions by themselves were relatively modest, OPPT also considered,
pursuant to the Pollution Prevention Act of 1990, releases for 1992 and 1993 predicted by the
companies. All four facilities predicted further reductions in releases. OPPT concluded that
achievement of those reductions would significantly reduce the potential risks posed by
continued EDC release. Consequently, the RM 2 team recommendations emphasized

promotion of coordination and pollution prevention strategies both within and between

o RM 2, p. 7.
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RM 2, p. 30. The risk increased as the projected subpopulation was narrowed. Thus 43 of the total 64
projected cancers would occur in a subpopulation of 429,765 exposed individuals, and 24 projected cancers --
more than a third of the total -- would occur in a subpopulation of just 8,828 persons.

“ RM 2, p. 8. Further examination revealed that the estimates for one of the facilities were inaccurate and

that releases had not decreased.
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industry and government in order to achieve the 1993 target reductions identified by the
companies. These efforts were apparently successful, as the TRI data for 1993 indicate that"
the targets were reached or surpassed by three of the four companies, and that the fourth,
though falling short of its target, nonetheless achieved a reduction of approximately 14 % over
19924

EPA should apply the same reasoning that it used in preparing the RM 2 to develop the
HAP test rule. There, the Agency was willing to draw reasonable conclusions to protect the
public health based on the information available to it. It did exactly what it has to date failed
to do for the HAP test rule. It considered emissions patterns and exposure levels and used that
information to make policy. OPPT based its decision on potential cancer risk, recognizing that
the restrictions imposed on a suspected carcinogen would provide ample protection with
respect to other endpoints. Using the known data on EDC exposure and potential cancer risk,
EPA was able to complete its risk characterization.

The same factors apply to the proposed HAP test rule for EDC. No matter what
information is developed regarding any of the endpoints identified in the proposed test rule,
EPA's determination will still be driven by carcinogenicity. Since sufficient data have already
been developed for that endpoint, there appears to be no utility in testing for the others. The
Agency has not explained why it cannot use the same information that it used for the RM 2,
supplemented with modeling as necessary, to conduct the as-yet-undefined residual risk

determination that it must perform for EDC.

VI.  ANY FINAL TEST RULE SHOULD APPLY TO PROCESSOR
W A A :

The proposed test rule places the primary responsibility for conducting testing on
manufacturers alone. Processors have a secondary responsibility at best, and "would be

required to comply with the rule only if directed to do so in a subsequent notice."* This is not

4 The 1992 TRI showed Ferro Corp. with air emissions of EDC of 1,125,410 pounds a year. In 1993, this
number had decreased to 964,600 pounds The 1994 TRI showed an even more impressive reduction, down to
583,750 pounds, a reduction of nearly 40 percent.
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61 Fed. Reg. at 33178. In amending the proposed test rule, EPA specified that only manufacturers
which produce more than 25,000 pounds of an HAP in the fiscal year preceding the final test rule will be required
to "initially comply" with the test requirements, and that processors and manufacturers producing less than 25,000
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an equitable distribution of the burden. Processing a chemical substance often gives rise to
levels of emissions orders of magnitude greater than the manufacturing process, which is
largely enclosed. Responsibility for complying with the test rule should be apportioned among
manufacturers and processors in accordance with their respective emissions of the HAP in
question.

In the case of EDC, the emissions analysis set forth by OPPT in the RM 2 discussed
above shows that the proposed HAP test rule misapportions the responsibility for testing. The
RM 2 notes that the manufacture of EDC and its conversion into associated products is the
largest use of the substance, producing 17 billion pounds and processing 99% of the 16 billion
pounds consumed domestically each year.” Most EDC -- about 93% of domestic product -- is
used in the production of vinyl chloride monomer (VCM). VCM is itself used to make
polyvinyl chloride resins. This process is tightly controlled, and EDC is largely consumed in
production, with little left over for emissions. This enables the manufacturers and processors
of EDC to hold releases to low levels. Consequently, as OPPT noted, "[tjhe EDC
manufacturing sector is relatively efficient at minimizing environmental release of EDC."
Indeed, only one of the top seven release facilities was a manufacturer.*®

The other six top release facilities in the RM 2 came from what OPPT termed the
"miscellaneous sector” of the industry, i.e., the use of EDC in producing such products as
adhesives and coatings, polysulfide elastomers, grain fumigants, lacquer solvents, and paint
and varnish. This sector of the industry is, in OPPT's phrase, "relatively inefficient.” A
review of the production numbers and exposure data reveals the magnitude of that inefficiency.
While miscellaneous uses involve less than 1% of the total production volume of EDC, they
are responsible for 73% of the 1989 TRI releases.*’

The proposed HAP test rule, however, takes no notice of the disproportionately large

share of emissions attributed to processors. Instead of seeking to apportion responsibility to

pounds will only be required to comply if there are no manufacturers that initially comply. 62 Fed. Reg. 67466
(December 27, 1997).

s RM 2, p. 3.

4 RM 2, p. 5. That manufacturer, PPG Industries, Inc., has since dramatically reduced its emissions of

EDC. Its 1994 TRI levels were approximately 20% of the 1990 TRI levels cited in the RM 2.
“ RM 2, p. 65.
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those most responsible for emissions, the proposal would place the primary (if not entire)
obligation for conducting and paying for the testing on manufacturers. As noted above,
processors, including those involved in the miscellaneous sector of the industry, would only be
responsible for complying with the test rule if EPA requires them to in a subsequent notice.
This is an affront to even the most basic concept of fairness. Processors create the vast
majority of emissions, while manufacturers, which are responsible for only a minor portion of
total emissions, are forced by EPA to assume the burden of determining the health effects of
those emissions. The testing costs should be shared by those firms responsible for release to

the environment.

303413
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TABLE A

1,1,2-Trichloroethane Worker Exposure Survey

Company Number of Workers
Potentially Exposed
Manufacturers:
CONDEA Vista Co. 42
Dow Chemical Co. 80
Formosa Plastics Corp. 16
Georgia Gulf Corp. 44
Occidental Chemical Corp. 36
PPG Industries, Inc. 125
Vulcan Materials Co. 44
Westlake Monomers Corp. 13
TOTAL: 400
Users:'
User #1 12
User #2 21
User #3 20
User #4 1
User #5 18
User #6 4
TOTAL: 76
GRAND TOTAL: 476
i
Only one U.S. company manufactures
1,1,2-trichloroethane for sale to customers. The
identity of those customers is proprietary information.
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TABLE B

Vinylidene Chloride (VDC) Worker Exposure Survey

Company Number of Workers
Potentially Exposured
Applied Extrusion Tech's Inc. 6
ARCO Chemical Company 20
B.F. Goodrich Company 40
The Dow Chemical Company 136
DuPont 33
Eastman Kodak Company 40
Hampshire Chemical Corp. 18
LaRoche Industries, Inc. 12
M 50
Morton Int'l Inc. 130
PPG Industries, Inc. 125
Solutia 100
TOTAL: 710
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5. POTERTIAL FOR HUMAN EXPOSURE

5.1 OVERVIEW

1,1,2-Trichloroethane is predominantly a man-made chemical whose
presence in the environment results from anthropogenic activity. This
chemical has also been identified as an intermediate in the biodegradation
of 1,1,2,2-tetrachloroethane, another man-made chemical. It is made
commercially by the chlorination of ethylene with chlorine or by the
oxychlorination of ethylene with HCl and oxygen. It is primarily used as a
captive intermediate in the manufacture of 1,1-dichloroethene (vinylidene
chloride), but may also be used as a solvent, especially in chlorinated
rubber manufacture. Production and use information are proprietary, however
effluent monitoring data indicate that high levels (>100 ppb) of discharge
are associated with laundries, and the organic chemicals and mechanical
products industries (Table 5-1). The maximum levels in these wastewaters
were 109 - 250 ppb. Gaseous releases include vent gas and fugitive
emissions from the production and use of 1,1,2-trichlorcethane as well as
volatilization from wastewater and municipal treatment plants. Releases to
soil are expected to involve the landfilling of sludge and process residues.
Thus far, 1,1,2-trichloroethane has been found at 45 of 1177 hazardous waste
sites on the National Priorities List (NPL) in the United States (VIEW
Database 1989). Based on the release pattern of other chlorinated ethanes
and ethenes, it is expected that the release pattern for 1,1,2-
trichloroethane is 70-90% to air, 10-30% to land, and a few percent to
water. No use with significant consumer and general population exposures
has been identified.

If 1,1,2-trichloroethane is released into soil, it is expected to
partially leach into the subsurface and groundwater (because it has a low
soil adsorption coefficient), and to partially volatilize. In groundwater,
it will be subject to anaerobic biodegradation, however no information
concerning reaction rates is available. Biodegradation is expected to occur
in sediment and landfills when anaerobic conditions are present. The
mechanism for biodegradation is reductive dehalogenation, which leads to the
formation of vinyl chloride, a human carcinogen (USDHHS 1985). From the
limited data available, biodegradation under aerobic conditions, such as
exists in surface soil, will be very slow, at bést. In surface water,
volatilization is the primary fate process (half-life 4.5 hr in a model
river). Adsorption to sediment, bioconcentration in aquatic organisms,
aerobic biodegradation, and hydrolysis are thought to be negligible by
comparison. In the atmosphere, the dominant removal process is expected to
be oxidation by photochemically-generated hydroxyl radicals, which proceeds
by H-atom abstraction (estimated half-life 49 days). The radical so
produced subsequently reacts with atmospheric oxygen and other atmospheric
species. Removal from the atmosphere is also thought to occur from washout
by precipitation; however, most of the 1,1,2-trichloroethane removed by this
process ls expected to reenter the atmosphere by volatilization. - Because
oxidation in the atmosphere is slow, considerable dispersion of
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- 5. POTENTIAL FOR HUMAN EXPOSURE

TABLE 5-1. Sources of 1,1,2-Trichloroethane Effluents?

once tio b
Industry Frequency Maximum  Medium Low
Timber products 1 18.46 18.46 18.46
Organics and plastics 1 7.12 S 73712 7.12
Inorganic chemicals 2 6.00 400 2.01
Plastics and synthetics 2 31.85 3.65 0.26
Auto and other laundries 1 108.99 108.99 108.99
Organic chemicals 1 203.77 203.77 203.77
Mechanical products 4 249,52 45.74 1.33
Transportation equipment 3 75.33 66.34 24.53
Synfuels 1 2.43 2.43 2.43
Publicly owned treatment works 4 15.22 1.20 0.42

3pischarges to water
Source: Shackelford et al. 1983
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1,1,2-trichloroethane from source areas would be expected to occur. Thus,
it is conceivable that 1,1,2-trichloroethane could be transported from other
countries where it may be more widely used.

The general population may-be exposed to low levels of 1,1,2-
trichloroethane through inhalation of contaminated ambient air. Limited
monitoring data suggest that roughly one-quarter to one-half of the urban
population may be so exposed. Where 1,1,2-trichloroethane is found, levels
appear to be about 10-50 ppt. Results from a nationwide monitoring study
of grcundwater supplies show that exposure to 1,1,2-trichloroethane from
contaminated drinking water appears to be uncommon (Westrick et al. 1984).
However, in a New Jersey survey, 6.7% of the wells contained detectable
levels of 1,1,2-trichloroethane; the most polluted wells being associated
with urban land use (Page 1981; Greenberg et al. 1982). It is difficult to
assess occupational- exposure because data on current production and use are
unavailable. A National Occupational Exposure Survey (NOES) by the National
Institute of Occupational Safety and Health (NIOSH) through May 1988,
estimates that 1,036 employees are potentially exposed to 1,1,2- »
trichloroethane in the United States. Occupational exposure will be
primarily via inhalation.

5.2 RELEASES TO THE ENVIRONMENT
5.2.1 Air

1,1,2-Trichloroethane is emitted in vent gas when produced by the
oxychlorination of ethylene dichloride (Liepins et al. 1977). Environmental
releases of 1,1,2-trichloroethane from 1,1-dichloroethene manufacture are
small; an EPA study found no 1,1,2-trichloroethane in process vent gas
(Thomas et al. 1982). 1,1,2-Trichloroethane is formed in small quantities
and may be released in vent gas or fugitive emissions during the production
of other chlorinated hydrocarbons, for example, 1,2-dichloroethane and
1,1,1-trichloroethane (Thomas et al. 1982). Fugitive emission from its use
as a solvent and volatilization from wastewater constitute the major
environmental release of 1,1,2-trichloroethane. An estimate of the total
release of 1,1,2-trichloroethane was made for 1979 by comparing ambient
levels of 1,1,1-trichloroethane and 1,1,2-trichloroethane in urban air and
releases of 1,1,l-trichloroethane (Thomas et al. 1982). The annual amount
of 1,1,2-trichloroethane released annually was calculated to be 10,000-
20,000 million tons.

A correlation of data from the EPA Air Toxics Emission Inventory with
industrial source categories (SIC codes), shows that volatile emissions of
1,1,2-trichloroethane are associated with plastic materials and resins,
industrial organic chemicals, petroleum refining, gaskets-packing and
sealing devices, plating and polishing, residential lighting fixtures, radio
and TV communication equipment, electronic components, motor vehicles parts
and accessories, engineering and scientific instruments, photographic
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[MMUNOTOX ICOLOGICAL [NVESTIGATIONS IN THE MOUSc:
GENERAL APPROACH AND METHOOS
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Kimber L. White, Jr., Virginia M. Sanders, Donald W. Barnes*,
teorge A. Shopp, Jr., and Alpert €. Munson
Department of Pharmacology and Toxicology -

fedical College of Virginia/¥irginia Comonwaaltan University

Richmond, VA 23298-0001
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ABSTRACT

The adverse effects of chemicals on the lymphoreticdlar

- system have generated considerabie toxicological interest. In

this series of papers, the effects of selected envirommertally

This First paper describes the
methods and general approach used ia Jjudging a chenical’s poten-
Risk evaluation was approached
utilizing acute, 14- and 90-day studies. Both sexes of the CO-1
random-bred mouse were employed. The immune system was evaluated

| against a background of more standard toxicological paraneters,
" which inciuded fluid consumption, bedy and organ weights, hema-

talogy, serum and liver chemistries, hepatic microsomal -enzyme
activities and blood coagulation.
ated by assessing ONA synthesis. Humora) immunity was evaluated
by determining the number of [gM spleen antibody-forming cells
{AFC) to sheep erythrocytes (sRBC}, the serum antibody level to
SRBC, and spleen lymphocyte response to the B cell mitogen,
lipopolysaccharide (LPS). The status of cell-mediated imaunity

" was assessed by quantitating the delayed type hypersensitivity

{UTH) response to sR8C, proliferation of the popliteal 1ymph
node, and the spleen’cell response io the T lymphocyte mitogen,
Concanavalin A {Con A). -Macrophage function was evalvated by

‘measurement of the vascular clearance rate and distribution of

radiolabeled SRBC in the liver, spleen, lungs, dnd thymus, and
209

Copyright © 1945 by Marcel Dekker, Inc.

fone marrow status was evalu-
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- dre provided for each of the assays, with the data presanted a
'the mean £Sp... In ‘addition, an analysis of variance was calcu

¥
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recruitability, adherence, chemotaxis, and phagocytic activity

of peritoneal exudate cells (PEC). Historicai contral data from
six 14— and 90-day studies conducted oyer a one year period are

given. The data resulting from these types of studies can pro-

vide a basis for the initial evaluation of a chemical’s adverse

effect on the immune system,

TRODUCTTON

The adverse effects of chemicals on the organs, tissues, and
cells of the lymphoreticular system have received considerable
attention from both toxicologists and imnunologists. This inter-
est is well founded since the imune system has beetf+shown to be
the target organ of certain chemically and physir':a-lly diverse
compoun 1‘2'3. This system, like all other systems in the

body, is complex, with several types of cells worcing both inde- :

pendently and in concert, to carry out a role’in houwegstasis. .
Imnunotoxicology is & subject gaining increased activity and
awireness becaise the physiclogy and biochemistry of the Tmnune

system qi-e now being systematically dissected; as a resuit, the . .

basic processes involved in host defense mechanisms are better
understood. A second reason for the interest in fimunotoxico-
logy 1s that it represents a system in which the cells from
exposed .animals can be readily 'remaved and their function(s)
exat‘nined'_i_q M This is 1? keeping with the direction that

toxicotogy is taking, 1.e., g aplementing morphological changes -,

with functional alterations. . B

This paper desc‘rfbés the approach we have taken in evalua-
ting the immunotoxicity of chemfcals in experinental randon-bred
nice, The effects of a given chemical on the immune system wer
invesﬁga;ed against a.hackgrohnd of standard toxicological pro-
ced_'urjé's. In.this vi#_y, the specificity of the imiune system as .
2 target could be'mr'ep]ear!y_defined, His!:orical"contro]’di_ita

. 301
S HOUSE
[MHUNOTOXICOLOGIZAL INVRSTIGATIONS IN THE 1OUS

to eaperiment.

RIMENTAL APPROACH | . -
EXPEF' ure 1 outlines the axperimental design which is now It}
14

d to evaluate chemicals for their target organ to;ucit.y;”‘c;l1
se J |
: After the conpound was selected for study, Jnknowndph:d
i ined a
and chemical properties of the cher!ncal were deternin

: appropriate integra-
ias were performed to assure
T . Th’ese data included: confirma-

i in vi stems.
tion into the in vivo sy oot
tion of identity, selubility properties, pH char::e T )
stability at concentrations in the test system, pu

Acute toxicity studies were perfura.xe? an eight ::: :l:tmale
and ferale mice using ihe route of admmst.:ration w O e
Josely approximates husas exposure. Routinely, eigh e v

ot e oup and at least six dose levels were employe .]

::j z:rt::se studies, we were concerned with environznt; s

15 that are introduced orally. The mice were p: o

Fhe‘:;caauge stainless steel stomach tube after 18 hr of fas

::e miie were observed hourly for the firs.t e;q::: h:::e:::er
dehavioral changes and morbidity, then twice ad :f rer ex’eﬂ;

- for 14 days. The animals still alive at.the eue o
méntaﬂ period were sacrif*lced,' and all :uce :::rthe o
exanined for gross pathology. Calculatians LDgy

e dose-response curves with 95% confidence limits

slopes of th _ 4. ool
werz performed by the Probit Procedure of Goodnight

i : joyed
data provided the pasis for selecting the dose 'Ieve]st::p y
in the-14- and 90-day studies, and began to indicate

possible target organ{s). L
tudies, @
Fo)lowing the acute stu _ .
If no se: differences were seen in the acute
' the relevant route

—day range finding study

was performed. ) ‘ .
toxicity, only nale mice were used. Agiin,
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" used to waluate these variables. The first set was used for
__necropsy (grjoss pathology), organ weights, microsomal mixed

‘marrow DIA-synthesis. The second set of mice was used. to-

304 ‘ ' VHITE ET AL,

TABLE 1
Parameters Measured in a l4-Jay Studys

Stang!ard Toxicology

Body Weights

Hecropsy - Gross Pathalagy
Organ Welghts

. Hematolagy

Serum Chemistries

. Blood Coagulation

TN DN
- A e .

Immungtox1colegy

" L. Humoral imaunity - spleen AFC response to sRHC
2. Cell-mediated immunity - DTH response to sRBC

40oses vere based om the acute toxicity study and were
usually 1/10 and 1/100 of LD50.

TABLE 2
Control Vaiues for Body Weights {Grams} of Two Month 01d
Male (D-1 Miced

Final Weight Initial Weight

30.0 % 2.8 24.2 £ 2.3 $.8+2.3

aYalues represent the mean *'—?73,0 of 334 control male CD-1 mice
derived from six l4-day experimests. All weight means were
significantly different (p < 0.05) among the six experiments.

Table 7 lists the variables that were measured during, ;nd e
at the conclusion of, the 90-day study. Six sets of mice were -

functions] oxidase parameters, Viver glutathione levels, hemat
logy, coigulation; henagglutination titer to SRBC and bone -

Change in WHeight 7

" Fibrinogen (ing%)

IMNUNOTOXICCOLOGICAL INVESTIZATIONS 1Y THE MOUSE 305

TABLE 3 N
Contral Organ Weignt Yalues of Two Month OYa Male CD-1 Male

Organ Neight (mg} % Body Weight Organj8rain
i 440 = 39 1.47 2 0, 15* -

f::;: 1862 * 294* 6.17 *0.73 4.§b : g{g

Spleen 170 # 53 0.56 = 0.17 0.39 . .07

Lungs 214 % 35 0;1 x g.éé g.:g : g‘(ltl*
79 # 19 0.26 = Q. . .

gl;éqr‘::; §22 % B4 1,23 & O.Zp 1.19 : 0.3!75'

Testes 211 > 34 0,70 * Q.15 0.48 = (.

- ) male CD-L
a s represent the mean % 5D of 68-70 contro

;g::ede:iggd from six 14-day experiments. Al ] _values \!aer'etS
significantly different (p < 0.05) among the six experiments,
except where indicated by an asterisk.

. TABLE 4
Control Yalues for Selected Hematol
Blood Coagulatfon Parameters in Two

ical, Serum Chemistry and .
P onth 01d Male CO-1 Miced

Parametér Values
Hemoglobin (g%) 12.7 2,1
Hematocrit (% 41.2 = 2.5
Leukocytes (103l|mr3) 7.44 = 2,76
Lactate Dehydrogenase {IU/L) 926 * 195
6lutamic-Pyruvic Transaminase {IV/L) 56.4 % 21.6
Blood Urea Nitrogen (mgf} 27.2 £ 4.8
Prothrombin Time {sec} 8.4 0.8

298 = 41

¥ ’ t the mean  SD serived from 68 contrel mice
:::ge?nrgg;eﬁ:lw studies. All values were significantly

different (p < 0,95} among the six experimgnts.
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TABLE 3
Contral Yalues for Humoral [mmune Assessment
in Two Manth Q1d Mate €D-1 Hicea
Parameter Values
Spleen Weight ({ig) 204 = 47
Spleen Cell: wumber (x 10~%) 1.65 + 0.48
IgM AFC/Spleen (x 1075) 4.86 £ 3.18
Igh AFC/108 Spleen cells 2904 = 1667

Values represent the mean & SD derived from 68 control mige

in six 13-day studies. The antibody forning cells were enume-
rated on the peak day of response (day 8). AV parameters were
significantly different {p < 0.05) among the six experiments.

..

TABLE &
Control values for the OTH Response tg sk

8C in Twa Month 14
Male CD-1 Miced .

Parameter ¢ Yalue

Stimlation Index 3.73 % 1,60

l’he'valﬁe fepresenfs the meat’* SD derived from 70 control mice

used in six l4-day studfes. ﬁ;ﬁalue of 1.97 has been subtracted
fron each animal valve to corect for non-specific swelling as

described in Methods. There was neo significant difference {p ¢
0.05} among the six experiments,

determine spleen AFC response to sREC
mitogens, and serum chemistries.,
Tmﬁnity, as measured by the 0TH r
plished with the third set of mice
was used to deternine popliteal
fifth set of mice was used to me

s spleén cell response to
Assessment of ceil-mediated
ésponse to sRBC, was accom-.

» while the fourth set of aice
lyngh node proliferation. The i
dsure the functional ac‘qiyit} of;

TABLE 7
Paraneters Measured tn a 90-Day Study

A. Standard Toxicology

l, Body weights ~ twice weektly

2. Flueid consumption

3. Mecropsy - gross pathelagy

4. Organ weights - brain, liver, spleen, lungs, thymus,
kidneys, and testes

5. Hematolagy — hematocrit, erythrocytes, leukucytes,
differential, platelets, and hemaglobin

6. Coagulation - prothrombin time, activated partial
thromboplastin time, and fibdrinogen .

7. Serum chemistries - lactate dehydrogenase, glutamic-
pyruvic transaminase, glutamic-oxaloacetic transaminase,
alkal fne phosphatase, blosd urea nitrogen, total
protein, glucose, cholestercl, creatinine, phosphorus,
calcium, sodium, chloride, and potassium

8. Liver chemistries - glutathione levels

B. Hepatic Microsomal Mixed Functional Oxidase Parameters

1. Liver weight

2. Microsonal protein

3. P450 cantent

4. Cytochrome bg

5. Amfnopyrine-N-demethylase
6. Aniline hydroxylase

. Cell Mediated Imnunity

1. DTH response to sRBC

2. Popliteal 1ymph node proliferition to SRBC
3. Spleen cell response to Con_ A :

D, Humoral Immunity

1. Spileen AFC response to sRBC
2. Serum antibody response to sREC
3. Spleen cell response to LPS

E. Functional Actfvity of the Reticuloendothelial Systen

1. Vascular clearance rate of SREC

2. Organ uptake of sRBC B .
3. Chemotaxis, adhereace, and phagocytic activity of pPeC

F. Bone Marrow

_1.- DNA synthesis
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-and marn.

: toxmty studfes were. performed on an1nals elght weeks of ag

308 WHITE ET AL,

the reticulocendothelial system, while the sixth set of mice was
used to study the number and functiomal status of PEC. Tables 8-
18 show the control values for CO-1 wice in the 90-day studies.

METHODS

Experimental Animals

A]thopgh the mouse 1s currently being used for soae toxico-
logical studies, the random bred rat his been the experimental
animali nnst widaly used and considered to be the most appro-
priate for toxicological evaluation of chemicals and drugs.
Unfartunately, the physiology of the rat's immune system‘has not
been studied or defined to the sane degree as that of the mouse

for the developnent of specific immune sera and for decreased
animal-to-anima} varfatfon. In addition,
of the ]ymphoi‘d cells derfved from genetically similar inbred

nice, functional tests can be performed an cell sampies pooled -

from several animals.

As a compromise, the progran we have developed employs the
Of the three conmercial sources of mice = .

random bred CD-1 mouse.
we eyalvated, only one ('E arles River Breeding Laboratories,

WiTmington, MA) suppliedémice of consistent quality and tempera:

ment. This mouse has been used to assess the effects of chemi~
Cils on the fmmune systm, and with the increased availabil ity
of micreassays, has become attractive for the more routine
toxicological tests. :

Upcn arrival, all animals were housed four per cage ia
plastic shoe .box cages containing sawdust bedchng (PRI Hardwnod \
Savdust, Lowﬂle NY) After the quarantine period {7 days),:
animals were randomized and ‘were individually earpunched Agal

due to the howogeneity .

The mouse has been the immunologist's animal of choice e
- because of the avaf']ability of inbred strains, which has allowed .

e ke e,

ik - CEosinophils (%)

TABLE 8
Control Values for Body Weight {(Grams) of Male snd Female
CD-1 Hice Used in 90-Day Studiesi

Final Weight Initial Weight Change in Weight
Males 39.3 £ 4.6 22.2 £ 3.6 7.3 5.7,
Females 30.6 = 3.3 195 £ 2.8 1l * 4..5

/alues represent the wean = S0 of 288 male and 288 female
control mice derived from six 90-day studies. All weights were

significently different {p < 0.05) among the six experiments.

TABLE 9
Control Hematology Values for Hale and Female CU-1 Nice
in 90-Day Studies?

Parameter Male Female
Hemoglobin (g%) 125220 123 £2.0
Hematacrit (%)} 41.3 = 3.7 41.4 22,0%
Erythrocytes {10%/mms) 8.19 £1.59 8.5 %2.05
Leukocytes (107 jmri®) 6.42 £2.79 637 2.9
Platelets (105mar) 1.78 £ 0.90  3.50 = 0.81
Prothrombin time (sec) 9.6 0.7 9.7 * 0,7
APTY M. &5.5% 33,1 45,8+
Fioriaogen (mg%) 282 =60 211 % 29
Differential: ‘
Lymphocytes (%) 67.2%15.8 78,7 % 4.0
Polyriorphonuclears (%) 0.0%15.4 16,1 & 7.9
Wonocytes {#} 3.8% 1.3 3.6 = 2.8
1.0 1.3 1.6 1.2+

'\‘

\ aHematology values represent the nean £ $0 of 131 mak: ‘and

137 female control CO-1 mice derived from six 90-day studies.
Differential values represent the mean = SD of 88-92 male and .
fenale C0-1 mice derived from four subchronic 90-day studies.

A1l values were smmﬂcanﬂy different {p < 0. 05) amnong the’
s5i%x exnerimentc. svront hoarn Indfratad hoe am - -



& et

h J7 T T T

319 : WHITE €T AL,

The 14-day studies were begen on animals six weeks of age, whije
four week old aaimals were vsed in 90-day studies. Mice exposed
by gavage were maintained on Purina Lab Chov and water ad libi-
tun. Those animals expased to the chemicals in drinking water
were maintaifed on Purina Lab Chow and chemical solutions ad
Jibitun, Control values for body weights of the mice used in the
$0-day studies aref presented in Tadle 8. Animal room temperature
was maintained between 21 and 24°C and relative humidity between
40-603%.
If the chemicgd] was water soluble it was placed directly in
deionized water. For the chemicals which were water insoluble,
a polyethoxylated vegatable 0il, emulphor (GAF 620, GAF Corp.,
New York, NY), was used as the vehicle. Ten percent amulphar in
deionizes water was used to dissolve chemicals used in gavage
studies, while a 1% emulphor solution was usad for drink ing
waler studies, if necessary. Solutions for gavaging were pre-
pered fresh daily, while solutions for the drinking water were
prepared twiga weekly., Al solutions were maintained in dark
bottles to alleviate possible photodecomposition. Gavaging was
done with an 18 gauge stainless steel feeding tube between the
hours of 10:00 and 11:00 a.n. Salutions for drinking water
studies were placed. in 250-500 m} amber colored bottles capped
uith cork stoppers contgﬁning stainless steel sipper tube
Tnserts. ANl drinking' Hater solutions were analyzed by GLC mth
head spaca aralysis to determine the stability of the cnmpound
pver a three- to four-day pariod at room temperature, Fluid
conéumptian was calculated by weighing the water bottles at the

“time solutions'were initially placed in them, then weighiang the

bottles again before soiutions were changed ta determine the
amount consumed over the three- or four—day perlod

Blood and Ttssue Co?'iectmn, Hematolcgy, and Coagulation Studies

that its quality was applicable for specia] coaguiaticn test.s’-

To assure t.hat the maximun arount of blood. uas ohtained an

The light-dark cycle was maintained on 12-hr intervals. .

(e,

s i o ¢
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the mice were anesthetized with chloroform. Several anesthetic
agents have been tried, and the two that did not perturb any of
the paraneters examined, including the nepatic micresemal mixed
functional oxidase system, were chiloroform and sodium brevital,
Sodiuin pentobarbital and hexobartital perturted liver microsomal
enzynes and ether affected tae quality and amount of blgod drawns -
frem the animals (data not shown). Tie blood was collected by
cardiac puncture into a 3 ml plastic syringe Fitted with a 23
gauge needle. For the hematology and blood coagulation studies,
the &lood was collected into 3.2% sodium citrate {1:10 citrate
to blood). The samples were collected without air bubbles within
30 sec of the puncture. One to twe m} of blood were routinely
collected by this methcd. Tha blood was maintained ai 4°C and
leukocytes, erythrocytes, and platelets were erumerated on a
Coulter counter, Model ZBI. Platelet counts were deterwined on
platelet-rich plasma by a modification of the aethods of Bull °
et _a_l_.s Ledkocyte differeatials were evaluated using the stap- .
dard Wright's-Gfemsa staining procedure. Hematocrits were
performed on a micro-hematocrit centrifuge and hemoglobins
determined by the cyanomethemoglobin nethod. The plasha was

reagents {Bailtimore, MD).
- .1 the kinetic method using Dade Diagnostics reagents (Miami, FL}.

separated from the cellular elements by 800 xg centrifugation
at 4°C. The plasma was used to evaluate the status of the coagu-
Jatfon system. Prothrombin times were performed to assess
extrinsic activity and activated partial thrombop]astin"ﬁmes
* {APTT) were perfarmed to assess intrinsic activity. Thése
assays were done on a BBL Fibrometer using General Diagnostics
Fibrinogen levels vere determined by

Contral historical hematologic and coagulation data from six

~ 90-day studies are shown in Table 9. The only parameter showing
‘a sex difference was the f:brinogen ]evel where the fenales had
. a.25% Idwer level than the males. ’ '




pyrine} and"Type 11 (anilire) cytoc;hrome_ P450-dependent mixed-
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Iimediately after the blood sanple was drawn, tae liver waé
examined, removed, trimmed, weighed, and if needed, a section
vas removed for histodatholoegical examination.
Viver tissve was honogenized and a microsomal fraction was pre-

The remaining

pared for analysis. One femur was removed and the bone marrow
collected for analysis, A complete necropsy was then performed
and the following organs were removed, trimmed, and weighed:
oraia, liver, spleen, lungs, thyaus, Kidneys, and téstes.
Samples of these tissues were Fixed in 10% buffered formal in
along with the heart, nesenterfc lynph nodes, stnated muscle,
stomach, ileum, jejunum, colon, bladder, ovaries, and adrenals.
The rost notable sex differences in 0rgans weights were in the
brain and kidney {Table 10). The brain was 28% larger in the
female when calculated on 3 percent body weight basis. The

kidney was 17% and 35% larger in the male when calculated on a o

percent of body weight and organ to brain ratlo, respectively.

Preparation of Microsomas

Inmediate]y'fo]louing sacrifice, livers were removed,
weighed, thoroughly rinsed, and homogenized in 8 vo]umes of 1ce
cold Q.154 KC1 - 0.0lM potassium phosphate buffer {ph 7.4) using
a teflon glass homegenizer, and centrifuged at 9000 xg for 20

min. An aliquot of the !ﬂgernatant fluid was removed, carefully‘

avoiding the top 1ipid lafer, and recentrifuged at 105,000 xg
for 60 min. The resulting pellet was rinsed and resuspended fa
0.054 potass{um phasphate buffer to obtain a concentratfon of

approximately 2 mg protein per mg of buffer. The protein concen- St

tration of the mcrosonal suspenston was detemined by the
method of Lowry et al. , sing human serun aibumm as the

standard

Brug Metabol ism Assais i '
Substrates were selected as representative of Type [ (amino-
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TABLz 1D ‘
Control Organ Weight Values for CD-1 Mice
Used in 90-day Studiesd

Organ Weight 'mg) % Body Weight Grgan/8rain
MALES
Brain 499 % 39 .27 = (.14 !
Liver 2057 * 49 5.17 * 0.53 4.13 £ 0.70
Spleen 167 * 69 0.42 £ 0.16 0.34 £ 0.14
Lungs 234 = b J.59 = 0,08~ 0.47 = 0.07
Thymus 45 = 14 0.11 = 0.03 0.09 & 0.03
Kidney 650 & 132 1.64 = 0,18* 1.30 = 0.20
Testes 260 + 4l G.66 £ 0.10* 0.52 # [}.08%
FEMALES
Bratn 497 = 4; 1.63 £ 0.22 -
Liver 1526 + 242 4.97 ¢ 0.68 3.10 * 0.59
Spleen 155 % 45 0.50 % D.13 0.32 % 0.10
Lungs 216 ¢+ 40 0.71 = 0.13 0.24 = 0.09
Thymus §4 = 16 0.17 £ 0.05 0.11 « 0,03
Kidney 418 & 54 1.36 = 0.16 0.85 % 0,13

ayalues represent the mean % SD of 132 male and 138 female
control CO-1 mice derived from six 90-day studies. All values
vere significantly different (p < 0.05) zmong the six experi-
aents, except where indicated by an asterisk.

function oxidase. Historical coatrol data for drug metabelism
assays are shown in Table 1l.

Aninopyrine N-demethylase: The methods of Cochin and Axel-
rod’ were used to measure the 1n vitro metabolism of amino-
pyrine. A 25 wl Ehrlenmeyer flask containing 0.5 ml cofactors
and buffer (7'.'5 urol 'HgCIZ- §H,0, 17 y}ﬂ(ﬂ glucose-6-phos-
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_ TALE L1
Control ¥alues for Hepatic Microsomal ¥ixed Functiomal! Oxidase
Parameters of ¥ale and Famale CO-! dice Used in 30-Day Studies

" determined ljéin_g a comparable proce’durea. except that 16 pmal
of aniline HC1 was incubated in the presence of cafactor and

Parameter Unit Male Fenale

23.4 & 3.2 20.4 *2.3
L.16 £ 0.259 0.98 + 0.184
0.4 * (,050 8.5 % 0,079

mg/g liver
nmol/mg protein

Hicrosamal Protein
Cytochrome P450

Cytochrome b% niro | /mg protein

Aninopyrine H- nmol/mg protein/ 10.6 *+ 1.7  13.1 £2.1
Demethylase min
Aniline Hydroxylase nmol/mg prot/min 1.60 # Q.48 1.72 £ 0.37
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microsomes. The reaction was terminated by addition of 1.0 m)
of 20% trichloroacelic acid.
natant fluid was added to 0.3 w} 1
and added to 1.0 ml of phenol reagent (2% phenol in 0.2K HaOH).

The color was allowed to develop at 37°C for 30 min and the

Oie @l of the protein-free super-
% sodium carbonate, mixed,

absorpance at 630 nm recorded.

Spectral Studies

dalses represent the sean # SD of 44 male and 48 female mice
from six 90-day studies. The reans of the parameters were sig-
nificantiy different (p < 0.05) among the experiments.

phate, 2 umol XAOP, and 1 unit glucose-6-phosphate defiydrogenase
in .54 potassium phosphate buffer, pH 7.4), 0.5 m} aminopyrine
(10 umol}, and 1.0 ml of microsomal suspension (2 mg proteinjml)

was prepared; 8lanks were prepared similarly, except that amino-

pyrine was omitted from the flasks. The flasks were shaken for
L0 min at 37°C at 120 oscillations per aia in a gyratory shaker
bath. At the ead of the {ncubation period, the reaction was
terminated by the addﬁ: on of 0.6N perchloric acid. The contents
were transferred to centrifuge tubes and ceatrifuged at 2000 xg
for 15 min, One ml of the supernatant fluid was added to 1 m}
of double strength Nash reagent {300 g anmonium acetate and 2

ml acetyl acetone per liter HZO), and the color allowed to
develop for 30 min in a 60°C water bath, Samples were cooled

,imrediately and the absorbance at 415 nm was recorded.,

- Aniline Hydroxylation: The 4-hydroxylation of aniline was

The methods of Omura and Satc»9 were used to meisvre the
content of microsamal cytochrodes P850 and bS' Historical
control data are shown in Table 1i.

Cytochrome P450: Microsomes were diluted to ) wg protein
per ml in 0.1M potassium phospbate buffer. Carbon nonexide was
gently bubbled through the sample cuvette for 30 sec and a few
crystals of sadium dithionite were aaded to each cuvette. The
(0-difference spectrum of the reduced microsomes was recorded
from 500-400 nam and cytochrame P450 content was caiculated from
the absorbance difference (0D 450 i minus 0D 490 nm} using 91

"1 a ! as the md extinction coefficient.
ztochrome by: Microsomes were diluted to 1 ng protein
per-ml buffer and divided equally intc two cuvettes, -The sample
cuvette was reduced by adding 4.4 wnol NADH in 0.01 m] H,0.
The reduced vs-oxidized spectrun was recorded and cytochrome
by content calculated from the absorbance difference (0D 423
nm minus 00 409 ‘am), using 185 a1 et as the mM extinc-

tion coefficfent.

Bone Harrow - - ‘
The status oF the bane marcow was evalusated by determmmg
bone marrow r.ell ONA synthesis. In addition, bose marrow smears
were prepared for evaluation if marked changes in the parameter
occurred. Bone warrow cel]s were “added to each well of a 95-well
microtiter dish at 6 X 10 cells/ZO(J wl. Twenty u1 of a solu-




/7]

. The methods of Jollow et aI.

) {described. previously) and 0.5 ml of 4% sulfosalicylic acid was:
o centrifuged at ZUOD xg for 15 min.
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tion containing 0.0 wCi of 1ZSI—Indodeoxyurmme (]‘ZSI-IUGR;
New England Nuclear) in 2 x 107> Fluorodeoxyuridine (FUdR;
Stgma Chemicai 0.} was added to each well. At 60 and 120 min,
triplicate wells were harvested and the cells were collected
onto filter disks with the aid of a Titertek cell harvester.
Filtar disks containing the 125I—!UdR incorporated into ONMA
were rudioassayed in a Beckman 300 gamma covnter. Figure 2
shows a typical iﬁcorporation curve for "251 IidR into bone
marror cells. As can be seen, there is a linear incorporation

12 I-1UdR over a 3 hr incubation peried. Approppiate
studies were perforned to assure that 125 I-1UdR was incar-
parated into ONA. Table 12 shows control historical data on
bone marrow DNA synthesis.
Serum and Liver Chemistries

The serum enzymes, glutamic-pyruvic transaminase, glutamic-
oxaloacetic transamiaase, lactate dehydrogenase, and alkaline
phosphatase were reasured kineticzlly on the ABA 100 8ichromatic
analyzer (Abdott Laboratories, Dallas, 7X}. These enzymes had
been optimized for the mouse as to pH and substrate coacentra-
tion. A-GENT reagent kits purchased from Abbotc Laboritery A
Diagnostic Division {South Basadena, CA) were used to determine
blood urea nitrogen, total p(‘otem, glucose, cholesterol, and
calcium, while Pierce reagent kits (Pierce Chemical Co., Roch-
ford, IL) were used to measure phosphorus and creatinine.
chemistries were measured by eadpoint analysis on the above—
named 1nstrunent'§ Sodium and potassium ions were measured on 3
flane photometer {Instrumentatfon Laboratory 44¢3), and chleride
fons vere measured on a ch]or1dometer {Buchler Instruments). ‘
vere used to measure liver -
A mixture of 0.5 ml of liver homogenate

g]utatmone content.

-Two huhdred u) of protein

. These 5 )
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FIG. 2. The time course of iacorporation of 1251-uydR into

bone marrow cells over & 180 ain period.
for procedure.

TABLE 12
Contro} Values for Bone Marrow DNA Synthesis fron Male and
Female CD-1 Mice Used in 30-Day Studijes?

See Methods

Parameter Male Female
DNA Syathesis (60 min) 16082 # 441l 17246 * 4319
29563 * 6655 30224 + 8823

ONA Synthesis (120 min)

avalues represent the\nean * SO of 60 male and female mice

fom six 90-day studies. There were no significant differences

o

{p < 0.08) anong the six experiments.
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_ free supernatant fluid were added to 2.0 m} of 0.4 atl Ellman’s

Reagent {5,5'-dithiobis-2-nitrobenzoic acid} in 3.1¥ potassium
phosphate buffer, ph 8.0. Ten min after mixing, the aosorbance
at 312 nm was recorded and compared to the absorbaace of gluta-
thione standards. Baseline historica’ control data Tor the
serum and 1iver chemistries from the %0-—day studies are shawa

in Table 13.

Cell-Mediated Immunity
The functional status of both the afterent and efferent arms

of cellular inmunity was evaluated by measuring a 0TH response
to sR3C. Sheep erythrocyte sensitization was done on Day O in
the left hind footpad {LFP) with 1 x 108 sRBC in a volume of
20 ul. Four days following sensitization, the mice were chal-
lenged in the same footpad with 4 x 108 SBC in a volume of

40 u1. Seventeen hr following the challenge, mice were 1ru‘ected
fntravenously with 0.3 @l of 125 numan serun albumin (125,
HSA; 80,000 cpm/0.1 ml; Mallinckrodt). Two hr later, the mice
were sacrificed by'cervtca\ dislocation and both hind feet were

__removed at the ankle joint and radioassayed in a gamma counter.

125I—HSA will extravasate into the edema-

[t has been shown that
11)

toes area produced by a DTH response {Paranjpe and Boone
The right hind footpad (RFP)sserved as a control for background
inf{ltration of 125I—HS}\. A; roup of mice which were unsensi~
tized but chalienged 2s ahov.é acted as unsensitized controls to
deteriine non-specific swelling., Results are expressed as a
stimulation index {S1), which was calculated are follows:

Sl's LFP sensitized - mean LFP unsensitized,

RFP sensitized RFP unsensitized

Evaluation of cell-mediated imunit;}\using the footpad assay

requiresi'bcth the affarent arm (antigen recognition and process-
ing, bla'stugenesigj' and the efferent arm (1ywphokine production,

CE.

- reaty
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TABLE 13
Control Serum and Liver Chemistry Values in Ma.e and Female

CD-1 Mice Used in 90-Day Studiesd

Parameter Unit Male Female
LoH 1L 664 + 233 5U6 + 193
SGPT . L 44.6 24,4 36.5 = 18,5
S60T UL 84.4 +38.9 .0+ 28.2
SAP ' /L 44.1 % 22,6 62.4 2 29,7
Glutathione wnot/g Viver 8.97 x1.79 7.35 % 1.66
BUN rgX 27.7 £6.9 22.8+.5.2
Protein g 7.13 #1.21 7.5 ¢ 1.08
Glucose mgh 160 = 32 137 « 2%
.Cholesterol mgk 167 = 38 120 = 77
Creatinine mg% 0.42 = 0.19 0.50 % Q.23
Phasghorus nEq/L 8.40 % 2,01 8,05 = 2,28
Calciun nEq/L 12,0 & 2.1 11.7 215
Sodium nEq/L 155 = ig 156 =11
Chloride nEq/fL 108 = 12 109 » g
fotassium g/l 7.30 £ 0,94 .90 = 0.95

%alues represent the nean * SD derived from 70-i43 control

CD-1 mice used in six 90-day studies. (Dh=lactate dehydroge-
nase, SGPTaserum glutamic-pyruvic transaminase, S60Tasarum
glutamic-oxaloacetic iransaminase, SAP=serum alkaline phospha-
tase, BUN-bleod urea ritrogen. The means of each parameter were
significantly different (p < 0.05) among the Six experiments.

increased vascular permeability) to function adequately. If an
experimental chemical decreases the extravasation of 251~Hsa,

it may be evaluated as immunosuppressive in the cell-mediated
response. However, this may not necessarily be true if the co;ri-
pound hras anti-inf] ammatarj properties. To determine if a ‘chemi- -
cal affects the afferent arm of the cellular response, prof%fer- |



L322 WHITE ET AL.

ation of the popliteal lymph node cells to sRBC was neasured.
Additional groups of animals were used for this assay. They
were subjected to the same procedure 3s were the DTH aniais,
except that 1 12 hr after challenge <hey received 20 ugfkg FUJR
Cintraperitoneally, and 2 he after challenye they received 1 uCi
of lZsl—iUGR intravenously. 1ZSI—HSA was not administered to
these animals. These mice were sacrificed 24 hr after chanenée
and both popliteal lymph nodes were vegoved and cownted ina
gamma counter.  Non-specific proliferation was corrected for and
an SI was calcilated as described for the footpad assay. His-—
torica) controi data for bath feotpad swelling ang popliteal
1ymph node proliferation are shawn in Table 14.

Lymphocyte Responsiveness

The mitogens employed were Con A, a T cell mitogen in the
mouse, and LPS, a B cel) mitogen. A 0.05 tii volume of RPNI 1640
medium containing either 1, 5, or 10 ug of Con A or 1, 5, or 20
rg of LPS was placed in flat-bottom microtiter weils and frozen
at -70°C. When needed, plates were removed from the {freezer and
thawed at room temperature. No differences were observed between
mftogen'plates frozen and those freshly prepared. To detect 3
maximal mitogen response and to detect any shifts ia the dose
response curve, three conigntrations of nitoger were routinely

used. ¥

Spleens were a.septicaléy renoved from mice and single cell
suspenstons prepared by pushing spleens through sterile 60-mesh
wire screens into RPMI 1640 media supplenented with 5% heat-
inactivated fetal calf sevum (HIFCS), 2 m4 L-glutamine, 100

ug/ml penicillin and 1 pg/ml streptomycih. The cell concentra- . o

tion was adjusted to 5 «x 106 cells/nl in RPMI medium supple-

mented with 10% HIFCS, L-glutamine, and 'pAencﬂHn—-streptaqyc'jh.

Oae tenth ml of the cell suspension was placed in thawed micro-
'titer ue]\s-_coij‘tai_n;i-ng mitogen; additionally, wells weré set - up
“without m'itcgefr‘: to act as backgreund controls.

- Hupora Tamunity-
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TASLE 14
Control Values for Cell-Mediated Ismune Response as Heasured
by UTH and Popliteal Lymph Node Proliferation to sR8C in
" Male and Female CD-1 Mice Used in 90-Day Studiesa

)

Stimufation [ndex Male Femaie
]

Footped Swelling 4.02 % 2,05 4.6) 2 215

Popliteal Lymph Node Proliferation 18.0 % 12.1 12,0 + 5,7%

- dFootpad swelling values represent the mean £ SP of 103 male

and 104 female mice derived from six 90-day studies. A value
of 1.95 for males and 2.07 for females has been subtracted from
each animal o correct for non-specific swelling as described
in Methods. Popliteal lymph node data were obtainec¢ from three
90-day studies using 29 males and 32 females. T carract for
non-specific lymph node proliferation, a value of 1.1 for nales
and 1.3 for females was subtracted from each animal. The means
of each parameter were significantly different (p < 0.05) among
the experiments, except where indicated by an asterisk. :

The plates were then placed ir a 10% €0,, 37°C humidified
incubator.- After 48 ar, 0.05 ml of 2 radiolabeled solution was
added to each well, This solution contained lZSI-IUdR (4 V
pCi/ml) and FUdR {4 x 10'614]. The plates were reincubated for
18-20 hr, at which time the cells were collected on filter disks
using a Titertek cell harvester. The filter disks were then
counted in a gamma counter. There are two ingredients which
were essential for this assay to wark: heat-inactivated fetal
calf serum and FUdR. '

Historica) control data for lymphacyte responsiveness to
Con A and LPS are shown in Table 185,

A

"' Hemolytic Plaque Assay: The method used in our laboraiorj«
to detect AFC was the Cunningham modification of the Jerne
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TABLE 13 , TASLE 16
: : Cantrol talues for Humoral lomunity as Measured oy Spleen (gH

Cont ) yea | i [ . - A h h
Comra] e o Spleen Lymmocris fesporrivemess to con 3 AFC nd Hemggltination in Yale and Feusie L1 ice va n
ay Studies

——

Parameter Male ' female .
- . Ha'e Female
{ce/5 x 105 cells) Parameter ay 4 day 5 Bay 4 Day 5
Ko mitogen 7778 % 2939 10179 6601 Spleen Weight 189 # 61 177 =38 196 444 183 & 5e
Con A {1 uq) 97654 + 58212 118697 % 53177
Con A {5 ug) ; 165116 + 63393 195746 * 62703 Sgleer(l Cfé&) 1.67 £ 0.59 1.54 2 0.44 1.68 £ 0,52 .65 + Q.52
! o. (x -
Con A (10 ug); 5592Q = 74316 5133) = 74816 ]
LPs (1 ug) . 51064 = 33406 83905 & 42547 IgM AFC/ 3.15 £ 1,53 1.64 £ 0,99 3,54 = . .47 1.92 ¢ 0.73
f Spleen (x 1¢°5) -
LPS {5 ug) 53138 * 33170 90994 = 3180 5
| : IgM AFC/10° 1851 = 488 1016 = 401 2114 %737 1200 + 412
LPS (20 ug) 49571 * 34632 83618 * 44002 spleen Cells
Yalues represent the mean cpms = SD derived from 75 male and Hemagglutination  9.39 * 0.8¢ - %.63 1.0

female control C0-1 mice used in five 90-day studies. The means Titer (Log)

for each parameter were significantly different (p < 0.05}
amosg the five experinents. o avalues remresent the mean #* SD derived from 70 fenale aad

: male CO-1 mice used in six subchronic %0-day studies. Hemag-
glutination titers were derived from 48 mice used in faur sub-

+

2 : . ' chronic 30-day studies. The assays were carried out as des-
Plagque assayl - I9H AFC vere enumerated 4 a;d 5 days follow- crided in Hethods. The means for each paraweter vere signifi-
* ing.intraperitoneal immunization witn 4 x 10° sk8C. Data are cantly different (p < 0.05) among the experiments, except wnere

dresented as Il.i-'cim6 spleen cells and also as AFC/spleen. Indicated by an isterisk.

Historical control data for':}gﬁ AFC from .six 90-day studies are _
shawa in Table 16. Mo hr later, the plates were reroved aad placed on a magnifying
airror to determine at which serum dilution no agglutination
occurs. The historical control cata from four 90-day studies

evaluating hemagglutination are shown in Table 16.

Hemaggtutfnation: Nice were inmunized intraperitoneally
with 1 x‘109 SR8C ot day 0. On day 7, blood was collected '
into 3.2% sodium citrate as previously described. A sample of
the plasma was removed and heat jnactivated. at 56°C for 30 min.
- serial 1:1 dilutions were made in phosphate buffered saline W
_ " round bottom 96-well microtiter ptates to a final volume of 01
.M. To each wel) was added 0.1 m) of a 0,5% sRBC solution. .The
 plates were covered and placed in a 37°C himidified incdhabbi'.'”

Hacrophage Function -
Functional Mbi)ity of the Reticuloendothelial Systew {RES):
-\ Five m) of freshly drawn sREC (5 x 10° cells/ml} vere radio-
" labeled with L FCi of sodium chromate-51 (New England Nuclear})
in a 37°C shaker bath for 30 miu. After chromation, the :sREC




- Coulter counter in the presence of a lysing agent to determine -
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were washed with Aisever's solution until the supernatant was
virtually radicactivity free. Unlabeled sRBC (5 x loglml}
were added to the labeled cells uetil the hematocrit was
approximately 12%. The resviting cpms were 200,000/0.1 al. ‘
The sRIC were refrigerated and used the following day. 8efore
use, the cells were washed to remove any free chramium which
vas release gvernight, and resuspended in phosphate buffered
satine (FBS}.

Hice used for evaluation of RES activity were weighed and
placed fn shoebox cagies maintained at 39'C. At O time, 0.1 m!
of labeled particle/10 g bady weight was injected i?l‘tra»/enous]y.
Ten ul blood samples were taken from the tip of the tail at 2,
4, 6, 8, 10, and 15 min. At 60 min, mice were sacrificed by
decapitation and selec.ted organs collected. The blood samples
were put into 1 ml of distflled water and radicassayed. Blood
clearance was expressed as the phagocytic index, which was ‘
determinec by the slope of the clearance curve.

Figure 3 shows the time course of particle uptake from the
For a routine study, mice were sarificed at
Liver, spleen,

selected organs.
the plateauy period (50 nmin afier injection).
lmgs, thymus, and kidneys were removed, weighed, and counted

in a guma counter, Organ distribution was expressed as percent = '

L
organ uptake and cpms{mg tisgue (specific activity). Control
values from six 90-day studves are given in Table 1.

Recruitability of PEC:

cavity was flushed with 10 nl of ninfmum essertial nedium (MEM).
The cells were centrifuged at 300 xg for 10 min and then sus-
pended in fresh MEH. A sample was removed and enumerated on 2~

the number- of PEC recruited.

Lr2

Hice were injected intraperitoneally

with.1 mi of 10% Brewer's thioglycolate on day 0. on day S, the
mice were sacrificed by cervical disiocation, and the peritoneal

N A Male
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FIG. 3. The time course of particle uptake in Iiver, spleen,
and lung. See Methods far procedure.

TABLE 17
Coatrol Values for the Functional Activity of the RES as
Measured by Vascular and Organ Clearance af Cr-51 Labeled sRiC
in Hale and Female (D-]1 Mice Used ia 9C~Day Studiesa

. Female .
. Parameter ¥ Uptake cpm/mg 4 Uptake cpmfmg
Phagecytic Index 0.10 % 0.05 0.11 0,07
Liver 49.6 % 111 217 %66  57.5 %105 247 + 69
CSpleen 8.81%4.08 552 %299 10.6 £6.2 493 & 3%
131+ 1.1 43 =46 1.27 = 0.93% 35 4 2}
) 006 + 602 4 %3¢ 010 = .00} 6+6
Kidney ~ 2.29 % 1.10r 30 17 2272079 35 4 13

3

A)

- %alues represent the mean & SD derived from 95 control 0-1
. Wice used {n six 90-day studies. The means for each parameter
. were significantly different (p < 0.05) among the six experi-

Rl ments, except where fndicated by an asterisk.
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Phagocytic Activity of PEC: PEC were collecte¢, resuspended,
and counted as described ibove. <ell concentrations were
adjusted to 2 x LoslmI and 1 1 samples added to 2ach well of
a 28-weil Costar dish. Plates wave incubated for one hr in a
humidified (IO2 incubator (37°C}. The mediun was decanted and
the adherent cells were washed with MEM. To each well was added
5 ul of chromated sRBC (~100,000 cpm) prepared as described
abave, wivich had been opsonized with mouse IyG. The adhered PEC
and blCr SRBC were incubated for 10, 20, 30, and 45 ain. The
plates were then washed once with distilled water and then twice
with medium to remove any adhered sRBC. Cne M NaOH {1 ml) was
then added to each well to dissolve the PEC and then the con-
terts of the wells were comted in a gamma counter,

Adherence of PEC: PEC were collected, resuspended, and
counted as describea previously. Cell concentrations were
adjusted to 2 x 10 /ml and | ml samples were placed in each
well of a 24-well (ostar plate. The plates were incubated for
18-24 e in a 37°C hunidifted CO, incubator. The cells were
then washed sxtensively, scraped from the plates, and counted
on a Coulter counter.

Chemotaxis of PEC:
fied blind well Boyden chambers using 13 mm Sartorius membrane
filters as descrlbec by Lagkin et al, Varying numbers af
cells (1 to 2 x 108 cellsfm,{) were placed in the upper partion
of the chamber, with veh1cl';e or chemoattractant {endotoxin acti- 3
vated mouse serum) fn the lower portion. AFter incubation at.

37°C for 4 hr, the filters v{ere removed, rinsed in methanol, and i

Tixed in formalin until stained. They were then placed on glass .
s1ides, stained with hematoxylin, rinsed, dipped in 0.1% HH40H
for 1 min, and rinsed in distilled water. After processing
through 95% ethanol, abso]ulfé ethanol, and isepropanol, the
filters wére cleared in xylene, mounted on glass slides, and
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TABLE 18
conirol Yalues for PEC Parameters in Maie and Ferwale CD-1 ¥ice
Used in 30-Vay Studies?

pParameter Hale Female
Recruitable PEC (x 10-7) 1.0 = .il 2.0+.17
Adherent PEC {x 10-9) 2.6 .08 2.6 £ .06
Chemotaxis (cells/field)
No Chemgattractant 22.6 £ & 26.0 %6
EAMS 1:L0£ 167 =27 68 = 10
Phagocytosis of Ab-3iCr sRBC (cpn) )
10 minutes 5% = 358 = 58
20 minutes 1086 # 182 449 « 65
30 minutes 1420 2 216 604 = 83
45 minutes 1693 = 233 705 & 112

Chemotaxis of PEC was measured in modi-

RUT

3values represent the mean = SD of 32 male and female CD-1
mice, derived fron three 90-day studies. EANS = endotoxin
activated mouse seruwn, Ab-51Cr sRdC = 5lCr labeled sREC

opsonized with mouse IgG.

dried. Using a Nikaon microscope Interfaced with an Artec Model

980 Image Analyzer, 20 microgrid fields were counted.
Historical control values for PEC parameters are given in

Table 18.

Statfstical Evaluation
If a one way analysis of variance of the means showed study

to study differences, a Duncan's Multiple Range Test was per-
formed“ Valuas which differ from study to study at p < 0.0_5

‘were considered statistically significant. Each of the values

represents the mean & SE.

: :__DISCUSSION

HWe have chosen to approach the protlem of eva’luating the

: "effects of chemicals on the lymphoreticeiar system from a tox$-
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- effects, one must coapare the treatnent groups to the appro-

- low responders, medium responders, and high responders. la an

several assays were used 1n assessing humoral immunity, cell-
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colegical viewpoint. Acute, 14- and 90-day studies were utilized
for 2ach chemical. The acute study was used to 1id in selecting
doses for subsequent studies ard suggesting possible toxicelogi-
cal target sites. In the 90~day studies, both male and fenale
mice were used. The outbred C0-1 mouse was our anmal of ciofce
and, as an outbred strain, the increased animal-to-animal varia-
tion was acceptable. fue to the random genetic background of the
nice, many of tke parameters monitored did not fall into a norm-
ally distributed response. Most notable is the variation in the
number of AFC responding to sR8{ fn control animals. _:'There
appear to be st least three distinct populations of animils:

attempt to circumvent this problem, a large number of mice was
used for each treatment dose and for eich parameter evaluated.
The effects of a chemical on the Yomune response were not
studied independently, but along with a multitude of standard _
toxicotogical parameters, This rasults in a nore complete over- .
view of the chemical's effect. In evaliating the effects of a
conpound, specifically on the immine system, not just one, but

mediated jmmunity, and macraphage function. _
It has been our experience that historical controls can only'__‘f-':-f
be used as a gulde. As repeatedly pointed out in this paper, ;
exper inents uysing the %éme strain of mice, nbta"ined frcm‘the
same supplier, and handled {n an identical manner by the sane N
people results in control values which will differ signifi- -
cantly fron experiment to experiment at the p < 0.05 level as =
determined by 2 one way analysis of variance. Thus, historical . -
controls are only beneficial in establishing a data base. When '
comparing data for safety aséessment or evaluation of dfug

priate concurrent controls used in the actual study.
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Since the assays outlised here can be used to evaluate the
status of the immene systev in a manaer which s quantifiaple
and r:producible, the assessment of the imuunotoxicity of chemi—
cals can be easily incorporated inte routine toxicity testing,
These nethods have been used in this laboratory to evaluate the
toxicity and immunotoxicity of scme haloyenated hydracarbons
founa to pe drinking water coataminants‘>> - The following
four reports use these same approiches to assess the genera)
toxicity and immunctoxicity of twa other drinking water contami-
nants, trins-1,2-dichlorcethylene (OCE) and 1,1,2-trichloro-

ethane {TCE}.
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- ABSTRACT

1,1,2-Trichloroethane (TCE) was administered to male and
female CD-1 mice to evaluate its effect on standard toxicologi-
cal parameters. Following determination of the acute LD50 (378
mg/kg in males and 491 mg/kg in females), and a l4-day range-
finding study, a 90-day drinking water study was performed in
which the doses consumed were 4.4, 46, and 305 mg/kg for males
and 3.9, 44, and 384 mg/kg for females. The liver was a target
of TCE toxicity in both sexes as demonstrated by dose-dependent
alterations in hepatic microsomal enzyme activities and serum
enzyme levels. The erythroid element of the female mice was also
affected, as indicated by significantly decreased hematocrit and
hemoglobin levels.

INTRODUCTION

1,1,2-Tr1chloroethane (TCE) is one of the organic chemicals
detected in drinking water supplies at levels from 0.1 to 8.5
ug/ll. It also has been detected in industrial effluents at
levels of 5.4 mg/lz. TCE is used as a solvent for fats, oils,
waxes, and resins and in the synthesis of organic chemicals3.
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Aiso, in water treatment, smail amounts of TCE can be formed
during chlorinatinna. 1
1 ATl of the toxicological data available on TCE are derived
from short-term exposure {e.g., a single i.p. injection), except
for the gavage studies performed by the NCI for carcinogenicity
bioassaysq- Acute oral toxicfty studies on TCE using both mile
and female nice have not been reported. Klassen and Plaa?
reported that the {.p. LD50 6F TCE in male mice is 242 ng/Kky.
smyth et a1.% reported the oral LOSU in rats to be 580 mg/ke

and the deraal LOSO in rabbits to be 3730 mg/kg.

Other toxicolegical studies on TCE evaluated the hepatic and
renal effects following a single 1.p. injection. Hepatotoxicity
and nephrotoxicity have been investigated primarily in mice and
dogs. Cellular infiltration, hepatocyte vacuolaticn, elevation
of SGPT, and prolonged bromosulfophthalein retention have been
observed in mice5~ Increases in SGPT levels fn mice. treated
{.p. with TCE were even greater when the mice receive isopropy}
alcohol or acetone7. In dogs, mild centrilobular necrosis,'
sTight subcapsular necrosis, and vacuolization of centrilcbular
hepatocytes have been observed in assoctatfon with increases in
SGPT levelssu In experiments designed to exanine. mephrotoxi-
tity, the presence of hyaiine droplets, nuclear pyknosis, hydro-
pic degeneration, increased eosinophilia, tubular necrosis with
karyolysis, and loss of the epitheifum of convoluted tubules

sulfonphthalein {PSP) excretion®, In dogs, tubular necrosis
and decreased PSP excrelion have been observed after i.p. injec-
tion of TCEB.

The toxicological investigations presented in this manu-
script were undertaken to provide data that would assist in the
hazard assessment of this chemical in the drinking water. After
the LD50 was determined in mice by the cral route, a l4-day
range-finding study was performed to provide information neces-
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sary for designing a 90-day study in wshich the corpound was
administered ia the drinking water. This manuscript reports the
general toxicological status of mice exposed orzlly to TCE,
while the following manuscript will discuss the ismune status

of these mice in relation to_the toxicological findingsg.

HATERIALS AND METHUDS

Details of the methods for the geseral toxicological assays
‘and historical controls have been fully described by White gg
al. in the first article of this volune?,

Chemical

1,1,2-Trichloroethane (TCE}, lots 070177 and_D§1197. was
purchased from Aldrich Chemical Co. {Milwaukee, Wl1). The purity
was given as 95%. The structure was verified by infrared spec-
trometry and the purity verified by gas chromatography. No
stabilizers or preservatives were present with this chemical.

Chemical Administration

Solutions of TCE were prepared fresh daily for the acute and
18-day studies and the appropriate concentrations were adminis-
tered by gavage in a volume of 0.01 ml/g of body weight to
achieve the desired dose. Solutions were prepared on the day of
administratian in a 1:9 (v/v) solution of emulphor (GAF Corp.,
few York, WY} and deionized water, and maintained In dark glass-
ware at 4°C until used. In the acute study, TCE was administered
as a single dose to male ang female mice after an 18 hr fast, at
seven doses from 200 to 600 mg/kg. In the l4-day study, concen-

. trations of TCE were prepared 5o that each mouse receiveé 1/100
- and 1/10 the LOSO daily fer 1¢ days (3.8 and 38 mgfkg). For the

90-day study, TCE was diluted in deionized water to achieve con-
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i B

centrations of 0.02, 0.2, and 2.0 mg/ml and administered in the-fggggg .

drinking water. These concentrations resulted in a delivery of - Ze5s
approximately 1/100, 1/10 and 1/1 the LD50. The solutions werefigggh
maintained at room temperature in amber-colored bottles with B

stainless steel spouts fitted through cork stoppers.
bottles were changed twice weekly.

Water e
Less than 10% of the TCE was =
lost during the three or four days between bottle changes, as }
measured by GLC with head space analysis. .

Fluid consumption during the 90-day study was estimated by
the change in fluid weight over the three or four day period
when solutions were changed.

Twelve cages of control mice and
eight cages of each treatment group for each sex were used to
estimate fluid consumptién. Chemical exposure was calculated P B
from fluid consumption and is reported as mg TCE/kg/day. Fluid Af’ﬂi -

consumption is reported as ml/kg/day.

Statistical Evaluation

If a one-way analysis of variance of the means showed treat-
ment effects, a Ouncan's Multiple Range Test was performedll.
Values which differ from vehicle control at p < 0.05 were con- e
sidered statistically significant. Each of the values represents5?;‘
the mean * SE.

Acute Toxicity i
The acute toxicity of TCE was performed to determine doses

for use in the l4-day range-finding studies and to define a
toxicological profile following exposure by the gastrointestinﬂ]
route. The LD50's for TCE administered as a single gavage t0
male and female mice were 378 and 491 mg/kg, respectively (Table
1). A1l mice Teceiving doses greater than or equal to 450 mg/k9

RN

TR
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TABLE 1 .
Acute Toxicity (mg/kg) of TCE in CD-1 Miced

Sex Number of Mice LD50 Log Probit Slope
Male 56 378 17.6
(344 - 408)
. )
Female 56 491 13.7
(452 - 550)

3CD-1 male and female mice were fasted for 18 hr prior to a
single gavage of TCE. The LD50 with corresponding 95% con-
fidence limits {numbers in parentheses) and the slope were
calculated according to the Log Probit Procedurell,

became sedated within an hour, while 10% of these mice lost

their righting reflex. At the end of the fourth hour, most an
mals had recovered from the anesthetic effect of TCE and did nc
appear to be in acute distress. Most deaths occurred within 24
hr, and no deaths occurred after 48 hr. Observations followin
chemical administration were performed over a l4-day period. |
the time of death, necropsies revealed a dose-dependent irrita
tion of the upper gastrointestinal tract, with 100% of the mic
at the 500 and 600 mg/kg dose levels showing gastric 1rrit§tio
Fifty to 75% of the animals in each group had pale livers, and
up to 25% demonstrated lung damage as manifested be reddened o1

hemorrhagic areas.

Fourteen Day Study

No significant differences were observed between the body
weights of TCE-exposed mice and control mice over the l4-day
gavage period, and no exposure-related mortality occurred (dat
not shown). Brain, thymic, and testicular weights increased
significantly in male mice dosed at 38 mg/kg when gxpressed on
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TABLE 2
Body and Organ Weights of Male C-1 Mice Exposed by Gavage
for Fourteen Days to TCEa

Exposure Body Percent Organ/
Group Wt. (g) Organ Wt. (mg) Body Wt. Brain
, b
Vehicle 27.9 # 1.1 Brain 408 = 15 1.48 = 0.06 -
. Liver 1699 * 92 6.09 * 0.23 4.21 * 0.24
Spleen 158 # 14 0.56 # 0.04 0.39 = 0.03
Lungs 202 £ 14 0.71 * 0,03 0.48 + 0.03
Thymus 67 £4 0.24 £ 0.02 0.16 * 0.01
Kidneys 458 = 33 1.62 % 0.07 1.11 * 0.05
Testes 194 =9 0,70 * 0.03 0.48 = 0.02
3.8 mg/kg 28.1 % 0.6 Brain 414 £ 10 1.48 = 0.04 -
Liver 1870 = 68 6.67 = 0.,22* 4.52 = (.12
Spleen 145 %7 0,52 % 0.03 0.35 # 0.02
Lungs 199 + 10 0.71 + 0.03 0.48 = 0.02
Thymus 706 0.25 * 0.02 0.17 # 0.01
Kidneys 460 =21 1.63 = 0.06 1.11 % 0.04
Testes 190 +:10 0.68 % 0.04 0.46 = 0,02
38 mg/kg 29.8 #.0.6 Brain 453 % 9* 1,52 + 0,03 -
© Lliver 1917 £ 53 6.43 = 0.09 4.52 * 0.12
Spleen 154 * 8 0,52 = 0.02 0.34 + 0.02
Lungs 225 8 0.75 % 0,02 0.50 * 0.02
Thymus 84 % 4% 0,28 = 0.01 0.19 = 0.01
Kidneys 489 « 16 1.64 % 0.04 1.08 = 0,03
Testes 228 « 8* (.76 = 0.02 0.50 = 0.02

3values represent mean * SE derived from 12 mice per group.
bvehicle = 10% emulphor
*Significantly different from vehicle at p < 0.05.

a total organ weight basis (Table 2). When expressed as a per-
cent of body weight, or as an organ to brain ratio, no signifi-
cant changes occurred. Hematological, coagulation, SGPT, and
BUN values were all within the range of vehicle control values
(Table 3). Lactic dehydrogenase activity was depressed 21%
below control in the 38 mg/kg group.
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TABLE 3
Selected Hematological, Coagulation, and Serum Chemistry Value
for Male CD-1 Mice Exposed by Gavage for 14 Days to TCE

Parameter Vehicleb 3.8 mg/kg TCE 38 mg/kg T
Hematocrit (%) 41.4 = 0.7 41.9 = 0.6 41.4 = 0.7
Hemoglobin (g%é 11.8 = 0.4 11.6 * 0.4  |13.1 = 0.5
Leukocytes (10 /mm3) 8.25  0.68 7.31 £ 0.61 7.47 = 0.6
Fibrinogen (mg%) 283 = 7 280 = 7 275 = 9

Prothrombin Time (sec) 8.3 = 0.1 8.3 = 0.1 8.3 0.1
LOHC (Iu/L) 1059 = 47 954 = 55 835 = 62*
SGPTC (IU/L) 88.3 = 9.5 82.8 £12.9 59.2 5.0
BUNC (mg%) 27.3 £ 1.0 26.6 = 1.6 25.2 £ 0.9

3Values represent mean * SE derived from 11-12 mice per group.

byehicle = 10% emulphor

CLDH = lactate dehydrogenase; SGPT = serum glutamic-pyruvic
transaminase; BUN = b?ood urea nitrogen.

*Significantly different from vehicle at p < 0.05.

Ninety Day Study

On the foundation of the data from the acute toxicity and
14-day range-finding studies, concentrations of TCE in the
drinking water solutions were designed to deliver daily doses

equivalent to, and higher than, those administered by gavage.
The desired doses were 3.8, 38, and 380 mg/kg (1/100, 1/10 and
1/1 the LD50) and the concentrations of chemical calculated to
deliver these doses in the drinking water were 0.02, 0.2, and
2.0 mg/ml. The 380 mg/kg dose was included as the data from th
14~-day exposure indicated that higher doses may be tolerated.
The calculated time-weighted average doses delivered based on
fluid consumption and body weights were 4.4, 46, and 305 mg/kg
for the male mice and 3.9, 44, and 384 mg/kg for the female mic
(Table 4). Monthly time-weighted averages for fluid consumptio
are also shown in Table 4. On a ml/kg basis, there was a 30%
decrease in fluid consumption in male mice drinking the highest
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TABLE 4
Time-Weighted Averages of Consumption of Fluid by CD-1 Mice
, Receiving TCE in the Drinking Water for 90 Days?

b
Concen- Days of Study Cumulative (Days 0-90)
tration ml/kg/ -mg/kg/ ml/mouse
(mg/ml) 0-30 31-60 61-90 day day¢ dayd
MALES
0 2525 242 %4 2254 240%5 0 8.2 = 0.1
0.02 203 *7 241 =5 209+«5 2194 4.4 0.1 7.8=*0.1
0.20 226 x5 254 x7 207 £5 228%6 46 %x1.2 7.6 % Q.2
2.00 162 = 4* 152 % 5* 139 % 6* 153 %= 9* 305 * 18.2 4.5 = 0.2
FEMALES
0 2305 171 %4 172 %4 193 =3 0 5.2 £ 0.1
0.02 192 6 1985 1974 195+*5 3.9 0,1 5.3 0.1
0.20 206 *6 2656 197 x4 222 +7 44 %1,3 6,0 % 0.1
2.00 1844 2125 186 +5 192 =5 384 =9,5 5,3 (0.1

3values represent mean + SE derived from 48 mice in the control
" (deionized water) group and 32 mice in the other groups. Means
were calculated for each month of the study, as well as for the
entire 90 days.

bAverage ml fluid/kg body weight/day for the period indicated.
CAverage m? of TCE/kg body weight/day.

daverage ml fluid/mouse/day. ,

*Significantly different from control at p < 0.05.

concentration of TCE over the 90-day period. However, there was
no TCE-related change in fluid consumption for the female mice.
The growth curves for mice exposed to TCE reflect their
fluid consumption pattern. Male mice demonstrated a concentra-
tion-dependent reduction in weight gain (Figure 1). Although
the animals were randomized at the beginning of exposure and an
analysis of variance among the cages showed no difference in
body weights, there was an garly'(daxfﬁ) reduction in weight for

the male mice receivind'the highest concentration of TCE. After :
this weight loss, these mice resumed a normal growth pattern,
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FIG. 1. Growth chart of male CD-1 mice exposed to.TCE in the
drinking water: e deionized water; O 4.4 mg/kg delivered, 0.02 mg/
ml in water; o 46 mg/kg delivered, 0.2 mg/ml in water; & 305 mg/kg
delivered, 2.0 mg/ml in water. There were 48 mice 1n the deionized
water group, and 32 mice in each of the TCE-exposed groups.

although they always lagged behind the other mice due to the
initial reduction. Over the 90-day exposure period, male mice
exposed to deionized water gained 12.Z # 0.5 g (mean £ SE), while
the male mice exposed to 0.02 and 0.2 mg/ml TCE gained 11.8 ® 0.5
and 11,2 = 0.6 g, respectively. Male mice exposed to 2.0 mg/ml
gained 7.9 = 1.1 g, which was significantly less than the control
group. In contrast to the males, the weight gain of female mice
exposed to TCE was not altered from control (Figure 2).

Organ weights for male and female mice are shown in Tables 5
and 6. In males, there were no significant changes in weights
for the brain, spleen, lungs, and thymus. On a mg basis, liver
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TABLE 6
Body and Organ Weights of Female CD-1 Mice Exposed to TCE
in the Orinking Water for 90 Daysd

TCE

Parameter Deionized Water 0.02 mg/ml 0.2 mg/ml

2.0 mg/ml -

Body Wt. (g) 29.9 = 0.4

29.8 * 0.6 30.0 + 0.8 31.2 % 0.64

Brain (mg) 528 4 5216 5259 5166 -

(% body wt.) (1.77) (1.76) (1.75) (1.66)% jixs
Liver (mg) 1368 + 41 1410 * 32 1318 & 54 1806 + &2% i
(% body wt.) (4.57) (4.78) 7 (4.39) (5.76)% 1%
Spleen (mg) 132 = 6 134 % 4 117 = 8 wsilvﬁi
(% body wt.) (0.44) . (0.45) (0.38) (0.49) Ys-
Lungs (mg) 213 %5 22058 21548  225%6 I
(% body wt.) (0.71) (0.74) (0.72) (0.72) it
Thymus (mg) 49 £2 - 2%3  41+3  50%3 &
(% body wt.) (0.16) (0.1a) (0.14)*  7(0.16) .
Kidneys (mg) 392 % 9 386 % 15 380 « 13 430 & 10% -~

(% body wt.) (1.31) (1.30) (1.27) (1.38)

3Values represent mean * SE derived from 23 mice in the de-
fonized water group and 16 mice in the other groups.
*Significantly different from control at p < 0.05.

increased percent of lymphocytes.. This shift was_probably due tof??
a minor biting problem among the male mice in the control and low,j'
dose groups, which resulted in a lower than normal percent of
lymphocytes and a higher than normal percent of polymorphonuclear
cells in these groups.

Hemoglobin and hematocrit values of female mice exposed to
2.0 mg/ml TCE decreased 6 and 5% (p < 0.05), as compared to the
mice receiving deionized water. Erythrocytes also decreased, but
not at the p < 0.0% level (Table 9). Platelet counts increased in

1,1,2-TRICHLOROETHANE IN THE MOUSE 345

TABLE 7
Hematology of Male CD-1 Mice Exposed to TCE
in the Drinking Water for 90 Days@

TCE

Parameter Deionized Water 0.02 mg/ml 0.2 mg/ml 2.0 mg/ml

Hematocrit (%) 39.8 + 0.9 40.1 £ 1.3 40.3 # 0.6 38.6 * 0.9
Hemoglobin (g%) 13.8 *# 0.4 13.5 * 0.4 13.4 * 0.3 13.2 + 0.3
Erythrocytes 7.70 # 0.24 7.71 % 0.35 7.96 + 0.21 7.01 * 0.19
(106 /mm3)

Leukocytes 6.79 = 0.55 5.63 = 0.48 5.42 = 0.44 6.57 * 0.66
(103 /mm3)

Platelets 4.08 £ 0.17 3.85 * 0.29 3.80 = 0.22 4.05 = 0.28
(105/mm3)

Fibrinogen (mg%) 292 % 16 265 £ 20 273 = 17 262 = 14
Prothrombin Time” 9.2 *# 0.1 9.3 £ 0.2 9.4 #0.1 9.3 %= 0.1

{seconds)

. b ) .
APTT (seconds) 31.8 1.5 30.8 =0.9 29.0%1.1 30.8 » 0.9

%Values represent mean %= SE derived from 23 mice in the de-
jonized water group and 14-16 mice in the other groups.
APTT = activated partial thromboplastin time. .

all groups, but not in a dose-dependent fashion. A 48% increase
in leukocyte number was also observed in the females. However,
the biological significance of this is questionable, primarily
because the leukocyte count of the deionized water control group
is at the low end of the historical control data accumulated in
Our laboratory (6.37 = 2.94)10. Fibrinogen levels increased

in females exposed to all three exposure levels, while prothrom-
bin times decreased in the two highest exposure groups.
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TABLE 8 -

Differential Cell Counts of CD-1 Mice Exposed to TCE
in the Drinking Water for 90 Daysda - i

1,1,2-TRICHLOROETHANE IN THE MOUSE 3417

TABLE 9
Hematology of Female CD-1 Mice Exposed to TCE
in the Drinking Water for 90 Days?

Exposure Percent of Total White Blood Ceils TCE
Group Lymphocytes . Polymorphonuciears Monocytes tosinophils -{ parameter Deionized Water 0.02 mg/ml 0.2 mg/ml 2.0 mg/ml
MALES _ Hematocrit.(%) 41.0 # 0.3 40.8 £ 0.5 40.8 * 0.6 39.1 = 0.5*
Deionized 53.3 * 2.9 40.4 = 2.9 5.1 0.6 1.2 £ 0.3 Heﬁog]obin (g%) 14.0 # 0.1 13.9 # 0.3 14.2 * 0.2 13.1 = 0.3*
Water
Erythrocytes 8.36 £ 0.17 8.39 = 0.31 8.34 = 0.20 7.75 % 0.19
0.02 mg/ml 58.2 = 4.2 37.2 = 4.2 3.6 £ 0.7 0.9 = 0.4 " (106/mm3)
0.2 mg/ml  61.8 * 3.8 34.3 £ 3.3 2.9 %#0.8 1.1 % 0.3 - Leulgo;ugges 4.34 = 0.24 5.06 = 0.37 4.88 * 0.23 6.42 = 0.44*
. 1 (103/mm3)
2.0 mg/ml  72.2 % 1.8% 22.4 = 1.6% 4.2 = 0.7 1.2 = 0.4
- Platelets 3.76 = 0.13 4.21 = 0.11* 4,12 = (.16 4.19 % 0.16*
FEMALES - (105/mm3)
Deionized 81.0 * 1.6 13.1 £ 1.2 "4.0 £ 0.5 1.9 0.5 .| Fibrinogen (mg%) 188 # 3 225 * 6* 211 = 7* 209 & 7*
Water
Prothrombin 9.8 £ 0.1 9.5 £ 0.2 9.1 # 0.2 8.0 = 0.1~*
0.02 mg/ml 74.4 = 2.2% 20.1 = 2.2* 3.8 0.8 1.7 + 0.4 Time (seconds)
b
0.2 mg/mi  78.7 * 2.1 17.0x2.4 3.3+0.7 0.9*0.3 APTT (seconds) 33.1 =1.2 33.1 #1.4 31.8 0.8 36.5 % 1.5
8l.1 & 2.3 10.8 = 2.0 5.7 % 0.7 2.3 0.7

2.0 mg/ml

aValues represent mean = SE derived from 22-24 mice in the de-

ionized water group and 14-16 mice in the other groups.
*Significantly different from control at p < 0.05.

Sera were analyzed for selected enzymes, ions, and other
marker molecules, including glucose, blood urea nitrogen, and
creatinine. In all, 14 serum chemistry parameters were evaluated
(Tables 10 and 11). In the control mice, glucose, cholesterol,
SGOT, SGPT, and SAP were all slightly elevated compared to our
historical contro]slo. The serum chemistry values alitered in
males which could be considered exposure-related were the 28%

!

qValues represent mean # SE derived from 23 mice in the de-
ionized water group and 16 mice in the other groups.

APTT = activated partial thromboplastin time.
*Significantly different from control at p < 0.05,

increase in cholesterol levels and the 61% increase in SAP acti-
Vity in mice exposed to the highest concentration of TCE. The
exposure~related alterations in the females included a 36%
increase in cholesterol levels and a 63% increase in SGPT acti-
Vity at the highest dose level, and SGOT and SAP increases at
all dose levels (not dose dependent).

Liver glutathione levels decreased dose dependently :in males
€Xposed to the two highest concentrations of TCE by 16 and 28%
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TABLE 10 ;:g-’

Serum Chemistry and Liver Glutathione Levels of Male CO-1 Mice _3:

i

Exposed to TCE in the Drinking Water for 90 Daysd

~ 1onized water group and 14-16 mice in the other groups. Gluta-

Deionized TCE 5 )
Parameter Water 0.02 mg/ml 0.2 mg/ml 2.0 mg/ml -

Calcium (mg%) 11.4 * 0.2 12.0 # 0.2 12.4 £ 0.2* 12.1 = o;Zf'

Phosphorus (mg%) 6.90 * 0.20 6.91 % 0.26 6.63 + 0.28 6.57 * 0.3 ‘-

Sodium (mEq/L) 146 =1 154 & 3* 149 % | 162 % 2%
Chloride (mEq/L) 112 +2 111 22 115 + 5 121 « 4
Potassium (mEQ/L) 7.49 % .21 8.32 & .21* 6.84 & .21* 6.74 & .15?{
Protein (g%) 7.85 % .23 7.77 % .24 8.03 * .23 8.25 % .27 .}
Glucose (mg%) 183 +10 171 =11 185 = 11 207 % 15

Cholesterol (mg%) 305 = 15 304 & 21 342 & 16 392 & 22*

BUN (mg%) 4.1 £1.5 29.0 # 1.0 31.8 £ 1.3 31.7 * 1.0*
LOH (TU/L) 638 = 55 589 & 91 736 = 45 676 = 64
SGPT (1U/L) 62.3 * 8.4 40.6 = 3.4 39.9 * 4.3* 53,1 £8.3
SGOT (Tu/L) 116.5 = 14.0 91.4 = 8.6 79.0 = 4.2* 104.2 £ 10.5
SAP (IU/L) 53.0 # 4.2 52.2 #7.1 57.6 * 8.6 85.1 * 9.5*

Creatinine (mg%) 0.34 + .02 0.25 + .03* 0.31 *# .02 0.38 # .0L

Glutathione 10.83 = .44  9.96 = .52 9.08 * .25+ 7.77 + 51* 7|
(umol/g liver) {

avalues represent mean * SE derived from 24 mice in the de-

thione levels were derived from 8 mice per group.
*Significantly different from control at p < 0.05.
BUN = blood urea nitrogen; LDH = lactate dehydrogenase; SGPT = ‘
serum glutamic-pyruvic transaminase; SGOT = serum glutamic-
oxaloacetic transaminase; SAP = serum alkaline phosphatase

<£
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TABLE 11
Serum Chemistry and Liver Glutathione Levels of Female CO-1
Exposed 'to TCE in the Drinking Water for 90 Daysa

Deionized ' TCE
Parameter Water 0.02 mg/ml 0.2 mg/ml 2.0 m

—

Calcium (mg%) 11.4 £+ 0.2 12.1 + 0.3* 11.9'%# 0.2 11.7 =
Phosphorus (mgX%) 7.17 %= 0.26 7.02 # 0.34 7.22 # 0.30 7.04 *
Sodium (mEq/L) 166 *1 163 * 3 162 % 1 166 *
Chloride (mEq/L) 110 # 3 115 = 4 116 * 3 114

"

Potassium (mEq/L) 7.66 * .15 6.96 = .26% 6.51 = ,26% 7.22 &
Protein (g¥%) 7.58 £ .13 8.26 = .25% 7.95 % .21 8.2]1 =
Glucose (mg%) 159 » 7 175 & 7 167 » 9 168 »

Cholesterol (mg%) 219 = 8 223 * 12 247 % 17 298 =

BUN' (ing%) 25.0 # 0.9 32.4 » 1.6* 25.8 % 1.4 29.2 &
LDH (IU/L) 662 + 42 708 £ 66 768 £ 59 806 »
SGPT (IU/L) ~  36.9 2.2 49.8 5.6 46.8 % 7.0 60.2 *
SGOT (IU/L) 83 %5 117 + 12¢ 107 * 7* 107 +
SAP (IU/L) 56.8 % 3.4 78.2 % 4.0% 73.2 * 5.9% 68.8 4
Creatinine (mg%) 0.38 = ,02 0.40 * .02 0.40 = .03 0.40 &
Glutathione 8.00 « .17 8.33 = .18 7.59 % .22 9.07 &

(umol/g liver)

wl

Avalues represent mean * SE derived from 24 mice in the de-
ionized water group and 16 mice in the other groups. Glutat
levels were derived from 8 mice per group. ’

*Significantly different from control at p < 0.05.

3UN = blood urea nitrogen; LDH = lactate dehydrogenase; SGPT

serum glutamic-pyruvic transaminase; SGOT = serum glutamic-

oxaloacetic transaminase; SAP = serum alkaline phosphatase
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TABLE 12 .
Hepatic Microsomal Activities in Male CD-1 Mice Exposed to TCE
in the Orinking Water for 90 Daysa

Deionized TdE
Parameter Water 0.02 mg/ml 0.2 mg/ml 2.0 mg/ml
Microsomal 23.8% 1.0 23.9%1.5 25.2 0.9 22.8+«1.1

Protein (mg/g liver)

Cytochrome 1.129 * .069 1.048 = ,046 1.110 = .072 1.030 = .054
P-450 (nmol/mg protein)

Cytochrome bS  .392 + .018 .389 % .019 .424 + .021 .387 % .034
{nmo1/mg protein) '

Aminopyrine N- 11.8 # 0.7 11.5 =0.7 10.9 = 0.6 10.8 = 0.5

demethylase (nmol/mg/min)

Aniline Hydro- 2.03 # .12 1.72 = .06 2.23 = .09 2.45 %= .25

xylase (nmol/mg/min) -

QXQ' 3values represent mean *# SE derived from 8 mice per group.

(Table 10). Female mice exposed to the highest concentration of
TCE showed a 13% elevation in glutathione levels (Table 11).
The effects of 90 day exposure to TCE upon hepatic micro-
- somal activities are shown in Tablés 12 and 13. In males, there
were no perturbations of microsomal protein, cytochrome P-450
and b5 content. Microsomal enzymes that demethylate aminopyrine
or hydroxylate aniline were not affected (Table i2). Changes did
occur with some of these parameters in the female mice (Table
13). Cytochrome P-450 content and aniline hydroxylase activity
were reduced dose dependently, while microsomal protein, cyto-

chrome b5, and aminopyrine demethylase .activity were unaffected.

R
i A“").
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TABLE 13
Hepatic Microsomal Activities in Female CD-1 Mice Exposed to TCl
in the Drinking Water for 90 Days?

Deionized TCE
Parameter Water 0.02 mg/ml 0.2 mg/ml 2.0 mg/ml
Microsomal 22.4 » 0.9 22.1 =0.6

23.8 # 0.6 ' 22.6 = 0.
Protein {mg/g liver) .

Cytochrome 1.080 = .029 1.014 = 031 .978 = .029* .798 = .(
P-450 (nmol/mg protein)

Cytochrome b5  .491 # .010 .454 = .014 .464 = .015 .494 = .(
{nmol/mg protein)

Aminopyrine N- 13.6 2 0.9 ~12.7 # 0.5 12.4 # 0.5 13.0 = 0.
demethylase (nmol/mg/min)

Aniline Hydro- 1.74 # .04 1,57 # .07 1.50 +* .08* 0.92 = .C

xylase (nmol/mg/min)

yalues represent mean * SE derived from 8 mice per group.
*Significantly different from control at p < 0.05.

DISCUSSION

There is increased interest in the chlorinated hydrocarbons,
particularly the haloalkanes and haloalkenes, since they have
been identified in finished drinking water supplies3. With the
discovery of previously unknown chemical dumps and potential
contamination of drinking water supplies, there is a need for
more definitive toxicological data assessing the potential
hazard of these contaminants. ,

The LD50's for male and female mice for TCE administered by
the oral route (378 mg/kg for males and 491 mg/kg for females)
are slightly higher than those reported by Klassen and Plaa5
for the i.p. route in male mice (242 mg/kg). These values are
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similar to the LD50 for 1,2-dichloroethane (489 and 413 mg/kg
for male and female mice, respectivelx)13. Deaths from acute
administration of TCE and 1,2-dichloroethane appear to result
from depression of the central nervous system. In contrast, tri-
chloroethylene and trans-1,2-dichloroethylene are much less
toxic than TCE with the LD50's for males and females for tri-
chloroethylene being 2402 and 2443 mg/kgla, and being 2122 and
2391 mg/kg, respectively, for 3535571,2-dichloroethy1ene15.

In the 14-day range-finding study conducted on male mice, no
definitive toxicity could be detected at doses of 3.8 and 38 mg/
kg. Thus, in the 90-day study, concentrations in the drinking
water were established to deliver 3.8, 38, and 380 mg/kg. The
highest dose would represent an LD50 dose for males, if given as
a bolus. In preliminary preference taste tests, mice did not
avoid the chemical (data not shown); however, in the 90-day
study, males, but not females, consumed less fluid when TCE was
present (Table 4). This decreased fluid consumption in males may
have caused a decrease in their growth rate. Based on fluid
consumption, the males consumed a time-weighted average dose of
308 mg/kg/day at the highest dose level of TCE. Female mice
showed no preference for deionized water over TCE-containing
water, as seen in fluid consumption data and in their growth
pattern.

The only significant dose-related effects due to 90 days of
exposure to TCE in males was a decreased liver glutathione level
and an elevation in SAP. There was also an elevation in serum
cholesterol; however, since the control group showed levels
higher than those usually found in our historical contro\slo,
the interpretation of these data is difficult. The reduction in

liver glutathione and the elevation of SAP indicate an effect on

the liver of males. However, there were no elevations of SGOT or

SGPT in males, which would be expected if an exposure of this

duration resulted in liver damage. [t may be that the consump-
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tion of liver glutathione protected the liver and possibly other
target tissues of male mice from the effects of this chemical.
This was not the case for females. Not only were glutathione
levels not decreased, but they were elevated along with SGOT,
SGPT, SAP, fibrinogen levels, and liver weight.
a decrease in cytochrome P-450 content and aniline hydroxylase
activity, which provides the basis for potential synérgistic
effects with other drugs and chemicals.

In these studies, the lowest effect level seen in females
was 0.2 mg/ml (44 mg/kg), which resulted in a reduction of cyto-
chrome P-450 levels and aniline hydroxylase activity. The no
adverse effect level was 0.02 mg/ml (3.9 mg/kg). In males, the
lowest effect level was 0.2 mg/ml (46 mg/kg), which resulted in
reduction of liver glutathione, and the no adverse effect level
was 0.02 mg/ml (4.4 mg/kg). )

TCE appears to have a short half life and little bioaccumu-
lation considering the fact that mice given the LD50 in the
drinking water daily for 90 days did not result in any deaths.
Furthermore, few other toxic signs were noted, among them being
loss of body weight and changes in liver parameters. This indi-
cates that TCE may not be a serious hazard in the chronic situa-
tion and that it may be more important to monitor acute exposure

There was also

to this compound.
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REPORT ON THE BIOASSAY OF 1,1,2-TRICHLOROETHANE
FOR POSSIBLE CARCINOGENICITY

CARCINOGENESIS TESTING PROGRAM
DIVISION OF CANCER CAUSE AND PREVENTION
NATIONAL CANCER INSTITUTE, NATIONAL INSTITUTES OF HEALTH

FOREWORD: This report presents the results of the biocassavy of 1,1,2-
trichlorocethane conducted for the Carcinogenesis Testing Program,
Division of Cancer Cause and Prevention, National Cancer Institute
(NCI), National Institutes of Health, Bethesda, Maryland. This is
one of a series of experiments designed to determine whether se-
lected environmental chemicals have the capacity to produce cancer
animals. Negative results, in which the test animals do not have a
in greater incidence of cancer than control animals, do not neces-
sarily mean the test chemical is not a carcinogen because the exper-
iments are conducted under a limited set of circumstances. Positive
results demonstrate that the test chemical is carcinogenic for ani-
mals under the conditions of the test and indicate a potential risk
to man. The actual determination of the risk to man from animal
carcinogens requires a wider amalysis.

CONTRIBUTORS: This bioassay of 1,1,2-trichloroethane was conducted
by Hazleton Laboratories America, Inc., Vieunna, Virginia, initially
under direct contract to the NCI and currently under a subcontract
to Tracor Jitco, Inc., prime contractor for the NCI Carcinogenesis
Testing Program.

The experimental design was determined by the NCI Project Offi-
cers, Dr. J. H. Weisburger (1,2) and Dr. E. K. Weisburger (l). The
principal investigators for the contract were Dr. M. B, Powers (3),
Dr. R. W. Voelker (3), Dr. W. A. Olson (3,4) and Dr. W. M. Weather-
holtz (3). Chemical analysis was performed by Dr. C. L. Guyton
(3,5) and the analytical results were reviewed by Dr., N. Zimmerman
(6); the technical supervisor of animal treatment and observation
was Ms. K. J. Petrovics (3).

Histopathologic examinations were performed by Dr. R. H. Haber-
mann (3) and reviewed by Dr. R. W. Voelker (3) at the Hazleton Labo-
ratories America, Inc., and the diagnoses included in this report
represent the interpretation of these pathologists. Histopathology
findings and reports were reviewed by Dr. R. L. Schueler (7).

Compilation of individual animal survival, pathology, and sum-
mary tables was performed by EG&G Mason Research Institute (8); the
statistical analysis was performed by Mr. W. W. Belew (6) and Dr. J.
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